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DATA

ON PHOTOGRAPHS

Fig. #1 (frontispiece) May 7, 1952 - T. 59 S., R. 35 E., Sec. 22 -

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig,

Fig.

Fig.

Fig.

Small glades bayhead. The plants of this stand are Paurotis
poisonwood (Metopium), myrsine (Repanea), wax myrtle (Cerothemnus)
and redbay (Tamala). .

#2 - April 15, 1952 - T. 58 S., R. 37 E., Sec. 9 - Shot NE from
tree marked (X19). ' :

#3 = April 15, 1952 - Same area as #2 - Looking E. to edge of
Palme Vista 71 hammock. i

#4 - April 15, 1952 - T. 58 S., R. 37 E., Sec. 8 - Shot of Pine
Area #2, Long Pine Key, looking NW from marked tree (#20) on
Dark Hammock Road,

#5 - April 8, 1952 - T. 58 S., R. 36 E., Sec. 25 - Pine Area #A,
Long Pine Key, looking W. from marked tree (#11) on Sawmill Road.
Teller understory shrubs are dahoon holly (Ilex Cassine)., Other
shrubs are wax myrtle, redbay, bustic (Dipholis), satinleaf
(Chrysophyllum), Tetrazygia, cabbage (Sabal), and rough velvetseed
(Guettards seabra).

#6 - April 8, 1952 - Same area as #5 - Looking SW from marked
tree (7#12). Understory of fire-pruned buttonwood (Conocarpus)
in pineland.

#7 - April 8, 1952 - T. 58 S., R. 36 E., Sec. 2l - Pine Area #i,
Long Pine Key, looking SW from 12' NW of marked tree (7C).
Low pinewoods with pure saw palmetto (Serenoca) understory.

#8 - April 8, 1952 - Same area as #7 - Looking NE from 25' W.
of marked tree (7C). Open saw palmetto flat in pinewoods.

#9 - May 5, 1952 - T, 58 S., R. 36 E., Sec. 15 - Clump of willows
in deep pothole in pine woods. West edge of Crabwood Hammock.

#10 - April 30, 1952 = T. 58 S., R. 37 E., Sec. % or 5 - View
of the interio? of Dark Hammock, Long Pine Key.

#11 - April 15, 1952 - T. 58 S., R. 36 E., Sec. 13 or 25 - View
of the west edge of Sawmill Road Hammock. Iooking NE from 12°
W. of marked tree (#15).

#12 - May 6, 1952 - T. 59 S., R. 35 E., Sec. 16 - Trunk of a large
mahogany (Swietenia) in Big Mahogany Hammock.

#13 - May 7, 1952 - T. 58 S., R. 36 E., Sec. 11 - Locking across
sawgrass marl glades at a bayhead north of Concrete Bridge.




Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

#1h - May 6, 1952 - Same as 712 about 1/2 mile E, of Big
Mahogany Hammock - View of one end of a small hammock (?) or
bayhead (?) in glades. This is one of the rare stands in which
hammock species seem clearly to be replacing bayhead species

on a deep peat deposit. Individuals of bayhead species are

more abundant than hammock species at this site, but the specific
representation is about equal. Woody plants present are live oak,
cabbage, gumbo-limbo (Elaphrium), poisonwood, bustic, cocoplum
(Chryscbalanus), wax wyrtle, redbay, sweet bay (Magnolia),
strangler fig (Ficus aurea), mariberry (Icacorea), lancewood
(Nectandra) and myrsine.

#1hA - May 7, 1952 - T. 59 S., R. 36 E., Sec. 16 or 17 - View
of bayhead trees on rows in Jennings plantation area looking
S from Ingraham Highway.

#15 - April 15, 1952 - T. 58 S., R. 36 E., Sec. 25 - Looking NNE
up Twin Hammock Glade from Long Pine Key Road. Saw palmetto
invading glades.

#16 - May 1h, 1952 - T. 58 S., R. 37 E., Sec. 21 - Ragweed growth
on marl glades farmed for winter tomatoes - Barne's farm. South
of Long Pine Key.

#17 - May 7, 1952 - T, 58 S., R, 37 E., Sec. 32 - View of west
side of bay-cypress head north of Cocoplum Bend, looking NNE
from INgraham Highway across scrub cypress area.

#18 - May 13, 1952 - T, 57 S., R. 38 E., Sec. 29, Overstory pines
killed by fire 123-6 (March 1951).

#19 - April 15, 1952 - Same area as #2. Basal fire scar on pine
Just NE of turn of Long Pine Key Road. '

#20 - April 29, 1952 - T. 58 S,, R. 37 E., Sec, 16 ~ Fire-pruned
wild tamarind (Lysiloma) in pineland.

#21 - April 9, 1952 - Same area as 720 - Base of fire-pruned
poisonwood in pineland.

#22 - May 5, 1952 - T. 58 S., R. 36 E., Sec, 23 - Fire marked
mastic (Sideroxylon) in pineland.

23 - May 5, 1952 - Same area as #9 - Trees, white ironwood
(Hypelate) and wild tamerind, in pineland,

#2l - April 8, 1952 - Seme area as #20 - Gopher apple (Geobalanus)
in bloom on new burn.
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Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

#5 - April 29, 1952 - T. 58 S., R. 36 E., Sec. 23 or 28 -
View of broom grass (Andropogon) growth on a one-year old
burn. Looking SSE from 30' S of marked tree (#29) on east
side of firebreak for fire 123-12 (June 1951).

#26 - May 1k, 1952 - Same area as #9 - Another view of broom
grass growth on this burn. Looking WSW toward the east edge
of Crabwood Hammock.

#27 - Mey 6, 1952 - T, 59 S., R. 35 E., Sec. 3 or 4 - Looking
SW from 100 yards N of red marker on glades buggy trail NW from
end of Canal Road., Dense fire-induced growth of palmetto.

#28 - May 26, 1952 - T. 58 S., R. 36 E., Sec. 30 - Severe edge
demage (fire 123-1k4, May 1950) to southeast corner of Little
Royal Palm Hammock, Long Pine Key.

#29 - April 9, 1952 - Same ares as #20 - Small hammock area
that turned a pineland ground fire.

#30 - Same as Fig, #l.

#31 - April 30, 1952 - Same area as ;710 - View of the east end
of Dark Hammock, Long Pine Key, looking N, from 35' N. of marked
tree (#25).

#32 - April 30, 1952 - T, 58 S., R. 37 E., Sec. 15 - View of
burned-out interior of Paradise Key, looking E. from marked
tree (#31) on old road %o south end of Paradise Key.

#33 - April 30, 1952 - Same area as #10 - Basal fire scar on
a large mastic inside Dark Hammock.

734 - April 30, 1952 - Same area as #32 - View of fireweed growth
of sumac (Rhus leucantha), Paradise Key, looking NE from 35' N.
of marked tree (#32).

#35 - April 30, 1952 - Same area as #10 - Live oak invasion of
pineland near Dark Hemmock, locking WSW from 10' N. of marked
tree (#26).

. #36 - Same as Fig. #3.

] S50 o
#37 - April 15, 1952 - Same area as #2 - Encroachment of hammock

vegetation into fire-protected pineland, looking E from 20' ENE
. 10
of marked tree (717).

#38 - April 30, 1952 - Same area as #4 - Hdammock nucleus around
a large sink hole,

#39 - May 5, 1952 -« T. 58 8., R. 36 B., Sec, 23 - View looking %,
across Hidden Glade, Long Pine Xey, at south end of Turkey Hammock.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

#40 - April 29, 1952 - Same area as #: - Small hammock of wild
tamarind in pineland, Long Pine Key. Looking WNW from Dark
Hammock Road 4' NE of marked tree (22).

#41 - May 7, 1952 - T. 59 S., R. 36 E., Sec. 13 or 14 - Interior
of burned-out bay-cypress head.

#42 - Same as Fig, 7k,

#43 - May 7, 1952 - Same area as #41 - View of burned-out bay-
cypress head looking S. from Ingraham Highway.

#4l - May 26, 1952 - T. 58 8., R. 36 E., Sec. 29 - View of ruins
of burned-out bayhead two years after fire 123-14 (May 1950).

#45 - May 14, 1952 - Same area as #4l - Close-up view of the edge
of a burned-out bay-cypress head. The interior now occupied by
a growth of willow, |
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SUMMARY

The present report provides the results of recent field investiga-
tions of the effects of wildfire upon the vegetation of Everglades National
Park. This project was carried on in the winter and spring of 1951-52 at
vhich time the author held a temporary position as Fire Control Aid in Ever-
glades National Park. Earlier field investigations in south Florida by the
author supplied much of the original data presented here, and provided a
background of knowledge of the area without vhich the present work would
have been impossible.

The information presented is divided into four sections as follows:
Fire history of the Everglades National Park area; Description of the burnable
vegetation types; Effects of fire on the burnable vegetation types; and,
Conclusions and recommendations. The following paragraphs summarize these
sections.

I. Fire History - An attempt is made to reconstruct the history
of fire occurrence throughout the geological existence of south Florida in
its present relationship to sea level. Evidence is presented which strongly
suggests that natural Tire has been a constant factor affecting the local
distribution of vegetation types through the ages, and that the arrangement
of plant cover types has probably-always been similar to that seen today.
Fire frequency is believed to have increased as aboriginal peoples occupied
the area. With white settlement came another merked increase in fire frequency
and also an increase in the severity of fire damage as drainage lowered water
levels in the Everglades. Records indicate severe and widespread fire in
south Florida for more than 1/3 of the years between 19C0 and 1952. A half-
century fire chronology compiled from the scientific literature, from news-
paper accounts and from interviews with local residents is given. A summary
of rainfall records since 19C0O is presented. Examination of these data in-
dicates that the Lake Okeechobee-Everglades system is no longer an effective
drainage unit, and that water levels and fire danger in Everglades National
Park now depend entirely on rainfall south of the Tamiami Treil. This section
is concluded with an account of fire occurrence since the establishment of
Everglades National Park including a map of fire occurrence by years, and a
graph of fire occurrence by months in the two chief fire types.

IT, Description of Vegetation Types - This section presents ac-
counts of the following burnable vegetations: Rockland pine forests;
tropical hammock forests; bayhead forests; and Everglades marshes. For each
the description includes as detailed a survey as 1s possible from data at
hand of: The plant species and general aspect of the vegetation type; the
major variations noted from stand to stand through south Florida; the factors
which appear to govern local occurrence of the vegetation type; and, the
major -gaps existing in our present ecological understanding of the vegetation
type. It is emphasized that present knowledge of the vegetation of Everglades
National Park 1s :ncomplete and that these gaps hinder understanding of the
effects of fire upon the plant cover.

IIT, Fire Effects - For each of the above cover types a discussion
is given of fire effects upon the soil and upon the plant cover. Recovery
of the plant cover after fire is discussed, and the influence of fire upon
the successional relations of the plant communities is analyzed.




Pineland fires remove the ground cover vegetation and prune back
the shrubs of the hardwood understory leaving bare limestone. The fires
are ground fires which do not ordlnarlly kill the overstory pines, Recovery
after fire is marked by an outburst of bloom of the small pine woods
herbaceous plants, and by stands of tall broom grass on one~year old burns.
A single fire kills few hardwood shrubs. The roots of these shrubs are
deeply driven into the limestone, and are protected by it. They soon send
up crown-sprouts and most individuals show a typical meny-stemmed growth-
form brought about by frequent fire-pruning. There is some evidence that
hardwoods tend to be eliminated from the pineland by frequently recurring
fires, and to be replaced by an understory of low palms, especially saw
palmetto.

Two kinds of fire effects are noted in the case of hardwood
hammocks: 1.) pruning back of the hammock edges; and, 2.) complete hammock
destruction occurring when fires ignite the organic soil deposit of the
hammock. In the latter case the trees of the forest canovy are commonly
killed by fires burning around their roots, or later windthrown due to loss
of supvorting soil. Recovery is long-delayed in the case of complete burn-
outs, and some of the more sensitive epiphytic orchids and ferns may be
lost entirecly. In early stages of recovery, hemmock interiors become clogged
with a rank growti of fire weed shrubs and vines.

Firc preovents succession of hardwoods into pine forest by fire-
pruning hardwood shrubs and cutting back hemmock edges. In the Long Pinc Key
arca of Everglades Wational Park this succession is rapid in the absence of
fire. Hore a fire-free period of 15 to 25 yoars is considered sufficient
to establish a continuous young hardwood forest on most pineland sites.

Fire effects upon the bayheads of the Everglades arc similar to
those on upland hammocks, but mors severe. These tree islands occupy docp
deposits of combustible peat and their occurrence requires the elevation
above the surrounding marsh which the peat mass provides. Fires remove
the peat entirely commonly leaving burn—out ponds, and a long period of plant
succession must occur before bayhead forest can sgain occupy the site., ‘here
these peat burn—outs result in establishment of vpends, they have the bene-
ficial effect of furnishing a dry-season refuge for many glades water animals,

In sawgrass glades fire damage is severe only in the muckland
area little of which now remains south of the Tamiami Trail. It is probavle
that over 2 period of ycars sawgrass fires have decreased the water storage
capacity of tn“ Everglades Dby destruction of the peat and marl seal over
the highly permeable undcrlying limestorne. Over most of the marl soil glades
of the park no definite fire effect cen be indicated. HMuch more information
on the ccology of the nany species of sedges and grasses which comprise the
Everglades vegetation is necded before fire offects on stand composition
can be gsatisfactorily studicd.

With drainage much of the Zverglades area has beconme suitable for
invasion by woody plants, especially willow and the woody specics of the
bayheads. TIirc acts to restrict this forcst cxtension into the narsh. In
spite of the scvere fires of tic last tweoniy years vlant succession has
entirely changed the aspect of comsiderable aress, from open herbaceous
narsh to scruboy thickets.

-




IV. Conclusions ~ Fire is a natural environmental factor in
Everglades National Park. ZElimination of fire would result in eventual
disappearance of the fire-maintained cover tyves, the pine forest and
Everglades marsh prairies.

The severe and frequent fires occurring under present altered
conditons are rapidly eliminating the hardwood forest types, and seem capable,
also, of causing degenerative changes in the fire types. It thus seems im-—
perative that an attempt be made to control all fires in the area with special
efforts to protect thc tropical hammock and bayhead vegetation.

Restoration of former water levels on the glades would change the
necessities of fire control, and should bring about a situation in which only
areas of special use or interest need be guarded from fire,

Careful long-term attention should be given to the study of fire
effects on vegetation of Everglades National Park with particular concentra-~
tion upon the problem of fire effects upon the stand density and composition
of the sub-climax firc types. A program of investigation designed to meet
this need is outlined,

The firc problem promises to remain one of key importance in
Evergladcs National Park, Zalightoned administrative proccdures will require
a background of full information on all aspects of fire effects in the area.




Iree island with a clump of tree

saw~palmetto (Zaurctis wrightii)

in sawgrass glades
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Resume of Research Time

The field investigations upon which this report is based were
carried on over the period November 26, 1951 - June 18, 1952, During
this time the author was employed as a GS~3 Seasonal Fire Control Aid in
Everglades National Park. Field work was thus subject to some interrup-
tions, particularly in times of fire emergency, by calls to perform the
more usual Cuties of a Fire Control Aid. A few days earlier in the period,
and morning hours during the months of April, May, and June, 1952 were
devoted to field work directed toward the completion of a study of the
abundance aind ecological distribution of breeding-bird populations of the
reglon, begun in the summer of 1950. Such a division of research time
was agreed upon in discussions in June 1951 when the fire effects study
was first planned. A total of 123 days or parts thereof were devoted %o
field study of fire effects. This total includes many lieu days spont
in the field.

Previous to the above period of employment the author had svent
nine months (June - August 1950, February - July 1951) in ecological field
work in southern Florida, as a National Park Service Collaborator, During
the fire cmergency of the spring and early summer of 1951 several periods
totalling about one month were spent as an emergency fire fighter, per-
mitting first hand observation of glades and pineland fires and their
effects. Field notes and experience gaincd from earlier work werc con- .
stantly drawn upon in the preparation of this report, Without this back=
ground, particularly in knowledge of thc regional flora, progress in the
study of fire cffccts would have been much more difficult,

The initial work of preparing the report, including inwvestigation
of availablc literature and interviowing local rosidents as to past fire
history of the arca, occupied five wecks in July and August 1952, swpent
in South Florida. Secveral months of additional time in the fall and winter
of 1952-53 swent at the University of Illinois werc devoted to completing
the report.

STUDY #ETHODS

Shortly after the beginning of the present study it was doecided
that the time availablc could best be spont in obtaining an cxtensive
qualitative survey of fire effects rather than in making intonsive quanti-
tative studiecs of plots in varticulsr burncd arcas, Scveral reasons conm
tributced to this decision.

1. Difficulty of determining the fire history of any
varticular site.

2. bLack of adequate ecological information on the vegeta—
tion which makes up the most important fire-tymes.

The above difficulties which now hinder study of fire effects
in Zverglades U'ational Park will be discussed later in this report. They
make the cobtaining of reliable data on the quantitative effects of fire
on stond density and composition well-nigh impossible at this time, I




am fully conscious that quantitative data are needed to complete the
picture presented here; and aware that important fire effects may be
concealed from this qualitative survey, however painstaking, A study
program calculated to meet this need is presented at the end of the report.

The qualitative survey underteken had as its object the collecting
of information bearing on the following questions for ecach burnable vegeta-
tion type:

1. Vhat effect does fire have on the soil?

2. Vhat is the effect of burning on the vegetation, including
plants killed and injury to those that survive the fire?

3. lthat are the major features in thc recovery of the vegete-
tion after fire?

4, VWhat would be the probable coursc of development of the
vegetation in the absconce of fire?

With these points in mind all major burns of known age were
cxanined and notes werc obtained on fire offects and recovery after fire,
as well as lists of the plant specics of th:o arecas., Areas free of fire
for the five ycars covercd by Zverglades Hational Park records were studied
noting the develoyment of vegetation during the fire~free initerval and
evidence of earlier fire. A number of people with long field experience
in the ZIvergledes region were interviewed in order that their observations
end beliefs concerning long-term fire effects in the region night be put
on the record. Finally, some of the literature nertinent to the problen
was exanined and the bibliography accompanying this revort compiled.



Introduction

Fire and water, two of the four "primary elements” of the ancients,
are matters of the utmost present day importance in Everglades National Park,
Interaction between fire and water played a major role in shaping the Ever—
glades landscape. Disruption of their natursl balance by ill-conceived land
use practices of the past forty years has brought the entire region to the
point where its survival in any condition resembling the original is seriously
in question. The ecological problems which pose this question are essentially
problems in the control of fire and water. It is not too strong a statement
to say that all hope for the future of Everglades National Park rests in their
proper management, -

This report is 2 survey of the effects of fire in Everglades Hational
Park. Or, more exactly, it is a survey of the effects, primarily upon vegeta-
tion, of a few receat fires, together with an attempt to synthesize from all
available fragments of evidence a clearer concept of the total ecological role
of fire in the area. The writer's aim has been twofold: to array information
now at hand in a manner designed to lead to its practical application; and,
to provide a foundation for future study, In a region such as this, where
published information on plant ecology is extremely sketchy, and where reliable
records of fire-history are virtually non-existent, conclusions formed from a
six-months study of fire effects are necessarily tentative in large part,
Some talent in the employment of the prayerful "educated guess" is required
for one to be able to present a report at all, Throughout, however, I have
felt the strong necessity of keeping information of various grades of re-
liability sternly categorized. It is hoved thus to avoid the downhill leapn
from insufficient data to unwarranted conclusions - so easy and frequent a
hop in the Everglades, a country half-destroyed bofore it was even half under—
stood.

To date in South Florida the approach to the problem of wildfire
has been governed by attitudes more often emotional than realistic. The
debate, both written and spoken, which hags gone on at length under these
conditions has deen largely unencumbered by facts, =nd has been vastly more
heated than enlightening. The crying present need is for more and far more
realiable information as to just what fires do here in difforent vegetation
types and under different conditions., It is intended that this rcport will
provide a contribution in that direcction.




I. FIRE HISTORY OF THE EVERGLADES NATIONAL PARK AREA

A. Introduction

South Florida is perhaps unique in that it has had more fires and
kept less account of them than any other section of the country. This
questionable distinction of the area placed many a roadblock in the path of
the investigator who, arriving on the scene at this late date, attempts an
inguiry into the effects of fire. One reason for this casual attitude has
been the very frequency of fire. The belief is widespread that wildfire is
an intimate and perhaps a necessary part of the natural order in south Florida
rather than an exceptional or catastrophic event. Over and over one hears
such statements as, "This country always has burned and always will. Anyway
fires don't hurt anything here."

In truth there is much to justify this view. Within a few weeks
after fire the glades are green with sawgrass shoots, and the pinelands full
of flowering herbs and new grasses. BEven the scars of burned-out hammocks
are soon hidden by a rank growth of fireweed shrubs and vines. To a not
overly careful observer it must seem inconceivable in many cases that the fire
can have done any significant damage.

These local conditions - frequent and widespread fire, fire which
often had little obvious effect, and a vast wilderness area vhere fires might
burn undiscovered for days without threat to any works of man - have long
retarded any serious consideration of fire effects. The succession of severe
fire years within the last decade finally brought the problem to general
attention. The realization has gorwn that, whatever its previous ecological
role, wildfire has geined a nev and menacing importance under the radically
altered conditions of present day soutih Florida.

In consideration of fire effects it is important to reconstruct
the history of fire occurrence in the area as fully as possible. This section
of the report is an attempt at such a reconstruction considering the fire
history of the region in four periods:

The pre-aboriginal period.
The period of aboriginal occupation of south Florida.

The period of intensive occupation by white man
beginning around 18CO,

The period 1948-52, for which detailed records of
fire occurrence are avallable.

Obviously any comments on the first period are entirely conjectural,
bvased on backward projection of certain present day characteristics of the
area. Comments on the second period are also largely educated guesses, plus
fragmentary early records. I believe that these mental exercises are justi-
fiable, nowever, because of the tieoretical importance of determining about
how long fire has been a major ecological factor in south Florida. For the
third period considerable information has been collected including weather
data, accounts from the scientific literature, newspaper reports, and
personal reminiscenses of residents with much field experience in the area.




This material, however, is extremely scattered and scanty when applied to
the plcture of fire occurrence throughout the area for this period.

B. Fire in the Pre—aboriginal Period

It is of some importance to an understending of the area to attempt
to determine whether or not wildfire was a major ecological factor in South
Florida under original conditions prior to any human occupancy of the region.
Although a definite answer is no% within reach here, consideration of geolog-
ical and paleobotanical evidence as well as characteristics of the present
vegetation permit certain reasonable inferences to be drawn,

1. The Geological Background - Detailed studies of the geology
of South Florida have been presented by Parker and Hoy {1943), Parker and
Cooke (1944), and Cooke (1945), These accounts show that throughout the
Pleistocene Ice Age the Florida peninsula was alternately flooded by shallow
seas and exposed beyond its prescnt shores, as sca level rose and fell in
response to glacial controls. Sea levels were below present sea level during
each of the five major ice advances of the Pleistocene. During each of the
four wermer interglacial periods melting back of the continental glaciers
increased the volume of water in the oceans and submerged much of the Florida
peninsula, High stonds of the sea are well marked by marine terraces and old
shore lines in the southeastern coastal plain at elevations from 270 to 25
feet above present sea level, During the high stand of the sea of the inter-
glacial period between the third and fourth Pleistocenc glaciations the
limestones, which occur at or near the surface in South Florida, weore de-
posited. The correcsponding low stands-of the sca during the five glaciol
periods arc morec difficult to investigate, and little agreement cxists as
to their distancc bclow prescnt sea leovel., It is probable, however, that
sea levels at these tines were sufficiently low to empty Florida Bay ~nd
establish Droad lond connection between the Floridn Xeys and the mainland;
and it is extremely unlikely that they were low enough to establish any sors
of land connection between South Florida and Cubo cr the Bahamas. The lower
end of the peninsula south of Lake Okeechobee was inundated by the Ponlico
Sea of the fourth interglacinl wneriod (Cooke, 1945: Fig, 47), and last
elevated at the onset of the second Wisconsin glreistion (the last glocial
advence), cbout 20,000 years ngo according to the usual time scole given for
the Pleistocene (Schuchcrt and Dunber, 1941: 160). This scts an absolute
time linit for formation of the present soil mantle snd for invasion of the
area by its present ‘plant and animsl life, The most recent geological ovent
has becn ~ rise in sen level in the post-glacial meriod with a conscquent
rcduction of South Florida's land nren, ~nd rc-isolstion of the Florida Xoys.

2., The Paleobotanical Rackground - 3tudies of fossil plants give
us no resson to suspect that the group of plant species which occupied
South Florida ofter its lost Pleistocene submergence veried much in compo-
gition from thet found today. iiany of the tropical forms which characterize
South Floride's present flor~ have o long fossil history in the southeastern
United Stotes. ZIor example Berry's (1930: 41-47) lists sheow 31 genera of
the Lower Focene Wilcox Tlora, largely from sxcovations in western Tennessee
and Zentuecky, which now occur in the United States only in South Flerida.

In 211 327 of thc genera of woody plonts in the present South Florida flora
are known from thig fosgil flora of 50 million ycars ago. 3Broun (1950:
451-455) gives o general sumrmnary of the fossil record of plants for late
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Mesozoic and Tertiary time. The record indicates an early period of warmer
climates during which tropical and sub-tropical plants occurred far north

of their present limits, Beginning in iiiocene time there was a gradual
cooling of climates and a southward shift of vegetation zones, The fossil
flora from the late Pliocene Citronelle formation of the Gulf Coast in west
Florida closely resembles that found in the same area today (Berry, 1916).
This indicates that by this time (about one million years ago) tropical forms
in the flora of the southeastern United States must have been confined %o
peninsular Florida.

As has been mentioned, the Florida peninsular suffered extreme
changes in area during the Pleistocene. In general, however, the periods
of greatest land emergence from the sea were times of cooler climates and
the periods of submergence times of warmer climates, so that it secms
probable that the tropical flora was able to maintain a contimmous foothold
on the peninsula, moving north or south as compelled by changes in the
climate and area of its range. The latest elevation of 3outh Florida marks
only one more stage in its migrations before changing climates and landforms.
Through the ages there has doubtless been continual chenge in the specific
composition of this isolated flora with loss of species by extinction and
arrival of new species from the West Indies. It seems unlikely, howover,
that any significant changc has occurred in the reclatively short interval
of post-glacial time. _

3. The Prescnt Vegetation = Vo may now ask a question more directly
pertinent to the fire history of the area., If the plant species present have
evidently undergonc littlec recent change, what of the vegetation types they
form?

The ecological picture of prescnt day South Florida shows a Do
wildering mosaic of vegetation typcs somec of which seem to be successionally
related. As will be discusscd later, tropical hardwood forest rapidly oc~
cupies pinc forcst arcas; and bay and, in somc cascs, mangrove swamp forests
tond to invadc sawgrass prairic arcas., It sccms obvicus that the status quo
could not he long maintained unless some ecological factor operated to
neriodically return large areas to a sub-climax condition. At the present
time fire is such a factor. It thus becomes of interest to examine the
available evidence to see what it may indicate concerning the occurrence of
natural fires in times before any humen occupancy of South Florida,

4, ZILightning Fires - Up until two years ago or less the answer
to the question "does natural fire occur in South Florida?" would have been
"No." There was a strong belief that lightning fires did not occur, and in
the absence of any direct evidence to the contrary this was generally ac-
cepted. One feature of the newspaper coversge of fire in South Florida has
been the scerch for other cxplenstions for fires occurring in remotc sections
of the glades, which has produced some notablc flights of fancy. This ag—
sumption that natural lightning fires were too infrequent to be of consequence
has hindered understanding of the role of fire in South Florids, as well as
planning for fire control., TFor example, several authors (Small, 1924, 1930;
Seard, 1938; Igler, 1952) have considered the present vegetation, accepted
the belief that natural fire was rare or absent, and concluded, gquite
logically with the assumption that a continuous broad-leaved forest must
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once have existed in south Florida. Egler's comment (op. cit.: 226) is
typical. "In short, the vegetation of south Floridas during late Pleistocene
pre-Indian. times may have been a dense evergreen broad-leaved tronical
jungle....."

With the establishment (in 1951) of two fire lookout stations
overlooking large sawgrass areas in Everglades National Park it soon became
evident that natural fires caused by lightning do occur frequently. Several
fires were secn to start from observed lightning strikes in sawgrass and in
troe islands of the Everglades, In all, lightning was the reported causc
of 12 fires in 1951 and of 11l in 1952 (up to July 1). Some of these fires
were extinguished by rain which accompanied the electrical storm, but among
them are also sone of the major fires in the history of Everglades National
Park. Too few data are at hand to permit much to be said about the scasonal
occurrence of Everglades lightning fircs, But the "dry storms! which sect
them appear at present to be a phenomenon of the very end of the dry scason.
Of 23 lightning fires rcported to date threc occurred in late May, 16 in June,
and four in August.

With thc establishment of the prcsent importance of lightning-
causcd fires it becomes reasonable to assume that they have been a continuing
factor throughout the geological existence of South Florida, and that the
fire~-maintained cover types have been a continuing feature of the South
Florida vegetation,

(A word of caution may be needed here, ¥ith proof that lightning
fires do occur comes the natursl tendency to attridbute 2ll unexplained fires
to lightning., Such overemphasis will serve the problem of understanding
fire in the area as poorly as the earlier reluctance to consider the possi-
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bility of lightning fires.)

5. ZIndemic Plants - One of the characteristics which makes the
flora of South Flerida s¢ interesting is the group of plant species which
have originated in the region, 3Small's Manuaol of the Southeastern Tlora
(1933) shows 103 such species that have evolved in Southk Florida., These

o
o

o

are distributed in 31 plant families and 58 genera and include plants from
both tropical and south temperate zones, Almest all of them are horbaceous
plants or low shrubs. Zxamination of the habitats of these snecies gives

us important additionsal evidence of long ages of natural fire in South
Florida. Table 1 shcws the distribution of these species according to the
vegetation tyopes in which they occur. Wotice that well over half are limited
to pinc forest arcas, and in all 70% of the species occur in vegetation
types that today are maintained Ty fire.

Differentiation of new snecies requirss zeographic isolation of
populations under new ecological conditions to which they become adjusted
through a long vperiod of natural selection. The evolution of low-growing
plants of the kind which meke up this unique South Iloridien group certainly
required that taeir sub-climax habitats remain constant for a long period,
and this in twm required recurring natural fire. (Or other natural distur—
bance, of course, but fire seems the only likely factor). Tor example, at
by invading herdwoods in mine forest arces that arc froe of fire for as
little as five years. It is cuite clenr that they could not have evolved
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No., of Endenic

Vegetation Tyoe Plant Svoecies

Pineland 58
TABLE I: Ecological Hammock .22
Distribution of Endenic .
Plant Species of South Everglades 14
Florida Yarshes

Other (Strand, 9

Mangrove, Etc.)

if natural fire had been absent, or even of irrezular and infrequent occurrence
in the region, Their existence as distinct species is inescapable proof of
ages of regularly recurring naturasl fire sufficient to meintain large aress
of sub-climax vegectation. It can thus be said with sone assurance that the
aspect of the vegetation of South Florida probebly never differed much fron

that pictured. in the earliest historical accounts.

€. Indian TFires,

The arrival of aboriginal populations in South Florida has not been
accurately dated. Discovery of human remains in devosits at Vero Beach,
which are referred to the Pamlico Inter-glacial stage (Cooke, 1945: 305-7),
may indicate that aborigines occupied the lower peninsula almost as soon as
the receding waters of the last interglacial Ses made the area available.
It is probable, however, that with the es+ablishment,of aboriginal populations,
the picture of fire occurrence in south Florida was considerably modified.
The following passage from the Journal of a 16th cen +ary South Florida tourist,
Alvar Nuncz Cabeza dec Vaca, is quoted by Small (192%:8)

"Those from further inland have another remedy.....which is to go
about with a Firebrand setting fire to the plains and timber so as to drive
off the mosquitos, and also to get lizards and similer things which they cat
to come out of the soil, In the same manner they kill deer encircling th
with fires, and they do it also to deprive the animals of pasture, compelllng
them to go for food where the indians want.!

Egler (1952: 226-7) devotes considcrable attention to an analysis
of the probabln effect exorted on South Florida vegetation by aboriginal use
of fire. E¢ makes two main points:
1 - The sum effect of Indian firos was to modify the continucus
"Pre~indian Swamp Zorests" creating a mosaic of vegetation
types similar to that seen today (i.e. pineland with scattored
hardwood hammocks, sawgrass prairic with scattorced trec islands).

w
1

occurring at a timc when organic s0ils and hardwood hammock
vegetation were still toc wet to burn, and hence causcd less
destruction than fires later in the dry season.

Indian fires were likecly most frequent early in the dry scason,
o
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In the previous section compelling evidence has been presented

to show that natural fires must have been sufficiently frequent in south
Florida from the earliest times to maintain large areas of sub-climax vege-
tation. I do not, therefore, see the need to invoke Indian fires as a major
factor in the origin of these fire-maintained types. I agree, however, with
Egler's assumptions that Indians were probebly free and careless in using
fire; that Indian fires were probably freguent; and that they probably tended
to occur as early in the dry season as sawgrass would burn.

Concluding, there is reason to believe that fire incidence in
south Florida increased sharply as early Indians became established with the
addition of their fire-hunting and escaped fires to the recurring natural
fires.

D. White Man Fires

One of the statements in Egler’s (ibid.) analysis of the history
of fire in south Florida with which I cannot agree is the following: "The
chief difference between Indian fires and White Man fires: Indians burned
with no conscience, as soon as things would burn. White Man with a conscience,
only delays burning...." Though perhaps true for many areas this view does
not hold for the behavior of the white man in south Florida. In the Everglade:
area white man's incendiary activities have beggared those of his dusky
brothers. I believe that the frequency of man-caused fires probably in-
creased sharply as whites replaced aborigines in the area. White man in
south Floride burned freely for every reason that the Indian did, and for some
all his own., Even today with the present finally awakened fire-consciousness
ones does notv go loag in south Plorida before hearing of fires set to kill
mosquitoes, kill rattlesnakes, clear out the brush, drive out game, create
fresh pasture for cattle or deer, etc. Burning to locate gator holes in
savgrass areas was a common practice of commercial hide hunters. In a copy
of an interview on file at Everglades Netional Park Headquarters, Mr. Loren
Roberts describes the burning of the Ingraham Prairie behind Cape Sable by
gator hunters about 1502. Add to these frankly indendiary fires those vhich
spread more or less accidentally from farming and lumbering operations on the
eastern rim of the glades, and an imposing picture of fire occurrence for
the white man's half-century in south Florida is obtained.

Prior to the establishment of Everglades National Park little or
no attempt was made to control fires on wild lands. Fire protection activi-
ties of local and state agencies were confined for the most part to guarding
developed lands against wildfire, Their universal protective maneuver was
(and is) backfiring, and it is at least to be suspected that in some instances
the backfires themselves have spread widely to adjacent wild lands. In
south Florida white men certainly did no%, "With smug righteousness...forbid
all fires" (loc. cit.)

As white occupation became established, the{drainage|of the glades
began, and with lowering water levels the increasingly frequent fires did
increasingly severe damage. IEverglades water levels were lowered both by
local direct drainage, and by the diking of Leke Okeechobee (complete in 1935)
which cut off the slop-over that nad formerly drained off to the south and
may have provided an important source of water for the zlades. The drainage
of the Everglades has been discussed in detail by others (see Dovell, 19k2:
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132-161, also Turner, 1942; Bestor, 19L2; and Herr, 1943), and will not
be taken up here, excent for the following summarizing statement:

"The erterial canal system of the Everglades was begun
about 1505. The beginning of the construction was along the
coast working toward Lake Okeechobee., Connection with Lake /
Okeechobee was made between 1916 and 1920 for the various
canals. I believe that you could say that drainage was partially
effective affer about 1918." (Johnson, in. litt.)

Since drainage began to be effective, a pattern of increasingly
severe fire has developed. Under present conditions the lower glades may
be completely dry for months in dry years, nmuch extending the period of
critical fire danger. Previously a sort of balance had existed, with the
generally higher water levels acting to restrict both the extent and severity
of fires. Dry years with severe fires and mach destruction of organic soils

and hammock vegetation undoubtedly occurred, but it can be safely assumed

that these were rare.  Fires under the altered conditions brough® about by
drainage have been notable in two respects:

1. Destruction of organic soils, which in turn has decreaased the

water-holding capacity of the glades due to the loss of the peat

vl

and marl -seal over the highly permeable underlying limestone.

2. Widespread destruction of hardwood foress: vegetation, both
upland hammocks and tree islands.

A chronological summary of fire occurrence in south Florida for
the period 1900-1948, and a table of rainfall records for the period 1900-
1952 at 1b weather stations in the Lake Okeechobee~Everglades region are
included in the Appendixz. A brief discussicn of the rainfall records follows.

Table 8 (see Appendix) shows the rainfall recorded at 14 weather
stations in the Kissimmee River-Iake Okeechobee-Evergiades drainage for

all years in which reports are availsble over the period 16C0-1952. It is
compiled chiefly from data given in the Florida Division of Water Survey and
Research publication QObserved Rainfall in Florida (1948). The 1k stations
surveyed are distributed over the drainage basin from Kissimmee south to
Homestead and Everglades City. They were selected as the stations with the
most complete records, giving most complete geograpinic coverage of the south
Florida region. In several cases, as indicated in the table, gaps occurring
in the records of the 1 originel stations have been filled using data for the
same year from another nearby station. The average rainfall for each station
is shown as well as the minimum rainfall, meximum rainfall and the years of
minimum and maximum rainfall for each station. In addition an annual average
rainfall figure for the region has been calculated for esch year in which
reports are available from five or more of the stations.

in the {able rainfall data are broken down into 12 month veriods
extending from May 1 to May 1. The annual figures are thus arranged in what
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may be called "biological years" rather than in calendar years, years ex—
tending approximately from the beginning of one rainy season to the beginning
of the next. This appears to me to give a much clearer picture of the re-
lation of rainfall to fire danger in South Florida than does the usual pres~
entation. The severity of fire danger in any late winter - spring dry season
is largely dependent on the rainfall of the immediately preceding summer ~
fall rainy seasdn. In instances where extremely wet years have followed
extremely dry years, as has often been the case in southern Florida, some
confusion has arisen regarding the true date of the bad fire year in the
period. In addition rainfall data presented in the usual manner often obscure
the real severity of a drought period by lumping it with the succeeding rainy
season, rather than the preceding one. A good illustration of both these
effects is provided by rainfall data for the years 1930 through 1932, This
span included two rainy seasons of well above normal rainfall (1930 & 1982),
and one which was greatly deficient (1931), Various South Florida stations
reported the following:

1930 1931 1932
Canal Point 63,29 39.87 67.91
Belle Glade 63,07 42,57 65, 09
tHiami 734 51 60, 87 79,90
Coconut Grove 9,96 50.61 64,75
Pennsuco 76450 65.35 83.92

On the basis of these figures by calendar years 1931 is indicated as a dry
year at some stations and normal or slightly above at others. It does not
look like a yecar of extreme fire hazard from these data. Compare, then, the
picture when rainfall is shown for the years iay 1, 1930 to May 1, 1931 and
May 1, 1931 %o May 1, 1932,

1930-31 1931-32
Canal Point 57,09 ,38.11
Belle Glade 58.22 37.70
tilemi 7. 07 48,42
Coconut Grove 75, 3L 38.62
Pennsuco 78.14 53,42

It is seen that there was a 12 month period of exireme drouth in this span
of years (the second most severe on record for the region) not noticeable
in the former figures because it occurred betwecn two unusually wet periods.
The effect of presenting rainfall data for South Florida by calendar years
1s to smooth and minimize the rainfall extremes, and to some degree the
relation between fire hazard and rainfsll, Iotice also that the dry veriod
extended into 1932, and it is probable that fire hazard was most severe in
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the spring of 1932 at the end of the prolonged drought. ZExamination of
rainfall records presented by calendar years gives no hint of this. 1932
is shown as a year of above normal rainfall throughout the region, yet the
spring of 1932 was marked by severe and general fire,

Close comparison of the rainfall records, and the narrative fire
history will reveal some apparent inconsistencies most of which I am unable
to resolve, So many of the fires in the area are man—caused, that an absolute
relation between rainfall and fire occurrence need not be expected. Huch of
the arca will burn at almost any time except during a rain or when covered
by standing water (and to a limited extent even then). However, there is
certainly o general positive relation between periods of low rainfall and
increascd frequency and severity of fire occurrence. For this reason one
cannot heln suspecting that in some cases sources quoted in the fire history
may be in error, It seems odd for example that the 1927 - 28 period with the
lowest recorded rainfall for the region should have passed without notice,
while 1929 is cited as a bad fire year.

Teking into account the great variation in rainfall from year to
year, and the amount of local variation in a given year for closely located
stations (e.g. Miiemi and Coconut Grove recorded 72.23 and £0.98 resvectively
in 1933 - 3&) it seems unsafe to attempt to generalize from the relatively
short records at hand. A few points may, however, be noted. The included
table lists the ten periods of lowest recorded rainfall and shows some of
their characteristics,

Table 2. Moy 1 %o liay 1 Periods of Lowest Average Rainfall

o, of Stotions Recorded

Deriod of Hecord Rainfall Comments

1927-28 10 40,85 Low throughout region.

1931~32 13 41,37 Tear average ot Dania, T,
Louderdale. and Hypoluzo.

1938-39 12 42,41 Low throughout region.

1944-45 13 42,96 4" above average at Dania.

1921-22 7 43,25 Wear average at Dania and
Ft, Lauderdale.

1942-43 14 45,78 Low throughout region.

194344 13 46, 54 Low throughout region.

1950-51 131 47,13 Above average at Temieni Treil,
40 Mile Bend. Wear average at
Kissimmee. ‘

1951—-52 11 47,61 Above average at Xissimmee,
QOkeechobee, ::oore Haven and
Belle Glade,

191314 6 48,70 Tear averege at Homestead,
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Rainfall records strongly indicate that water levels on the lower
glades now depend entirely upon the local rainfall south of the Tamiami Trail.
In the 1951~52 period above average rainfall at Xissimmee, Okeechobee, and
around the south rim of Lake Okeechobee did not relieve drought conditions in
the Everglades Fational Park area vhere fire hazard remained extreme through
most of the winter and spring. Similarly, as may be seen from the above table,
several periods of low rainfall and extensive fires, have occurred at times
when east coast stations in Broward and Palm 3each counties reported average
or above-aversge rainfall, It seems evident that the former Xissimmee River -
Lake Ckeechobeec ~ Zverglades system is no longer an effective drainage unit.
Canal and road barriers and the diking of the lake have created severazl smaller
drainages each largely dependent on its local rainfall, The importance of
exact local data in rating rainfall effects upon fire hazard in Everglades
Wational Park is thus emphasized.

A final point to be noted is the importance of rainfall distribution
as well as total rainy season rainfall., Severe fires have occurred in years
of above-average total ilay 1 to Liay 1 rainfall (as in 1949~50) when rainfall
is highly concentrated in the summer and early fall with little thereafter,

In 1949-50, although the total rainfall was slightly over average, very little
fell after October 1 and the following April and May were marked by bad fires.,

E. Fire Since The Establishment of Zverglades lational Park

The accompanying map (see Appendix) table, and graph summarize
the recent fire history of the ares within the fire boundary of Zverglades
National Park. During this five year period all fires (with the exception
of a few either completely inaccessible or discovered after fire was out) were
actively fought by Park Service personnel until controlled. In the face of
this all—~out effort the total acreage burned, 205,641 acres, is far from
encouraging, Two facts must be kept in mind, however:

1, The period included 1951 and 1952 (to July 1), both of which were
abnormally dry years, at least by all previous standards,

2. The group "started from scratch," both as regards ideas and
equipment for direct supvression of pine rockland and sawgrass
fires; and was forced to evolve suppression techniques, and
invent (or at least inventively select) equipment, as it went along,

TARLE 3. Summary of fire occurrence in Tverglades Hational Park 1948-53,

Humber of Tire Suppression
Year Ienortable Fires Acreage Burned Costs
1948 11 1,965 | 195, 54
1949 32 18,431 1, 566,12
1950 25 121,370 25,261, 61
1951 27 | 574771 21,230,93
1952 . 15 6,104 2,276,338

(to July 1)




Fires of this period extensively damaged hammocks of the western
half of Long Pine Xey. Over much of this area all hammocks are either badly
. gutted or severely burned around the edges. WMany tree islands of the Ever—
glades hawe suffered likewise, particularly as a result of the Ironpot
Hammock and Shark Valley fires of June 1951, Considerable destruction of
organic soil has occurred in tree islands of the Zverglades, and some of the
remaining mulch deposits of sawgrass areas have also burned out,

In summation, the results of five years of fire fighting, that has
absorbed much of the productive energy of the Zverglades National Park staff,
inspire no feeling more robust than a very reserved optimism, Much has been
learned, and a high degree of fire~fighting skill, both strategic and tactical,
has been achieved., EHowever, unless the problem of additional water supply can
be solved, the best efforts of fire detection and suppression are likely to
provide only local victories in a lost war, Obviously the maintenance of more
water on the glades is the central problem in management of South Florida wild
lands. It is probable that the glades cannot be long maintained in their
present aspect, even in the absence of fire, unless this problem is satis-
factorily solved. Clayton and Heller (1939; 156) have reported that annual
loss of water by evaporation and transpiration from experimental plots of
sawgrass averaged 12 inches more than the total annual rainfall over a series
of years., This indicates that the glades will continue %o dry up unless some
way is found to hold water in storage areas or to carry excess water from
Lake QOkeechobee to the south, instead of out to sea via canals, So long as
each year of below average rainfall in the immediate Everglades Wational
Park area results in a five to seven month period of extreme fire danger over
much of the area, we can expect continued large and destructive glades fires
in the park,



DESCRIPTION OF THE BURNABLE VEGETATION TYPES

INTRODUCTION

This cectinn lists the plant species 2nd Gescribes the aspect of
the principal fire fpes of south Florida, which irclude all of the major
rezional vezetatinn types, excent mangrove svup forests. The mangrove forests
are probably locally b¢13aole under some conditions but they do not present

a major fire control problem. Material for tae following accounts is drawn
mainly from perconel field notes. Considersble discussion of these same vege-
tation types may be found in the scientific literature. These reports fall
readily into two classes: Extensive qualitative surveys of the vegatation
types of the entire region south of Lake Okeezhohee, such as the paners of
Harshberger (1912), Harper (1927), and Davie \L/uJ), and, quantitetivs, (or
at least intensive) studies of particular limiied areas, as the work of
Phillips (19140, and Zgler (1952). All of these, and others vhich anuld be
menticned, cortain much useful. descriptive materiel, as w2ll as some inter-
esting comment on “the faciors contreclling cccwrrence of *ae vey2bation iypes,
and the relations Letwean vegshation “ypes, Raferences to the psrtinent
literature are included Tor each vegetation tyve discussed.

The acoummlation of full ecclogical data on the vegetatlion types
affected by fire 13ivm: 2n essential backgro&n& to fire eifects sidy. Such
information should incluie: Quantitztive data on variaticn in the szpecific
composition of the vegetation from site to site through the regiorn; identi-
fication of the factors that control the distrubution of the vegetation types,
and the variation witnir each; and data-supncrisd conclusions on mhe succes-
sional relations beiween the v:rlou~ vegetaticn types. Only fragments of this

information are available in the present scientific literature.
papers pras:ant general discuscions and composite lists of the plent species
of the diffzrent vegetation types. I feel, however, that their coufen+f on
controlling factors and succesci elat ships are anot convincingly sup-
ported in many cas=2s. Other papers give largsly adequate portrayals of smell
areas, but are inadequate for the understaniing of the vegetation tyves con-~
cerned throughout their south Morida range. Ths papers citad and others
represent valuable, inde=d indispensable, preliminary work tc which all later
workers in the area musi acknowledge indebiedness. Previous work has estab-
lished the broad outlines of regicnal plant ecslogy, and serves as a point of
departure for more intensive and detailed studies.,

i)

The pinz forests of lower Fiorida are often considered to be
southern outliers of the extersive longleafl pine forests of the soutlieasiern
United States It seems *2 be less generzlly apovreciated thet they are mors

=t ar

o)
strongly re¢gLed To pine forc reas of th: Bahamas, Cuba, His ”QHLOla, ank
parts of Central ﬂm3~""‘u lthough there is considerabls similarity of gensral
forest aspect to longles p1~ forests, the different climactic conditiong,
the different substr :ﬁe, and the differences ia the species involved are bars
to a close comparizon with pine forests of the southeastern loagleaf belt.

‘3 f

Cn the other hand the sov*h Florida pine foresis show detailed rasemblance
to the Bahaman "Pineyards” and simiiarities to pins forests of FPinar del Rio,

the Isle of Pines, and the Atlantic shove of Central America. The south-
eastern longleaf pine forcsic have recoived a great deal of ecological
study, particularly study of fire effects,
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and one is tempted to search there for information helpful in understanding
the South Floride pine areas. For the reasons cited above I believe that

it is well to move with caution in attempting this transfer, For pine forest
areas, as well as most other South Florida vegetation types, a good rule of
thumd is —— when in search of useful ecological information from comoparable
areas, look to the South,

Accounts of the vegetation of South Florida pine forests may be
found in the following works: Harshberger (1912: 87-98), Simpson (1920:
Chap. 7), Harper (1927: 90-92, 176-179), Davis (1943: 160~166), and in many
of John XK. Small's narrative accounts of botanical exploration in South Florida.

SUBSTRATE —~ The pine forests of South Florida are restricted to
elevations of (iami Limestone. These occur in two widely separated areas:

1. The so~called iiami Rock Ridge, predominantly a pine forest
area, which extends southwest from ifiami to below Florida City,
and thence west by slightly south (as Long Pine Xey) into Iver-
glades Wational Park almost to the Dade-iionroe County Line,

2. The Lower Florida Keys, where extensive pine forests are found
on Big Pine, o Iame, Little Pine and Cudjoe Xeys, and additional
small stands of pine on Sugarloaf, Fowe, and Big Torch ZXeys.

The actual elevation of these "upland® limestone areas is slight, ranging,

on the mainland, from near 25 feet above sea level at liiami to five feet, or
perhaps less, in parts of Long Pine Xey. Some sites on 3ig Pine Key may reach
15 feet above sea level, but most of the Lower rFlorida Keys pine area is
considerably less elevated. ILower parts of the pine forest area, particularly
that of Long Pine Key, are subject to some flooding during the summer rainy
season, It appears that adequate elevation above the water table is the
essential characteristic of pineland sites, rather than any relation to the

2 Llcli

specific geological formation., ZExposures of liami Limestone at lower eleva-—
tions subject to longer periods of arnnual flooding are occupied by other
vegetation tyves., At all but a few sites the boundary between pine forest
and adjoining vegetation types, (such as sawgrass prairie) is clear—cut with

only a narrow zone in which plants of the two vegetation types occur together,

The grotesquely eroded limestone substrate is a characteristic
feature of the South Florida pine forests, and one which presents much dif-
ficulty to firefighting in the pinelands, A statement by Ginsburg (in, litt.)
attached as an appendix to this report, discusses the erosion processes in
detail, Limestone is exposed at the surface throughout the pinelands. The
usual reaction of one seeing such an area for the first time is to wonder
where the trees find soil to grow in., There is virtually no soil in the
usual sense but in the Lone Pine Xey area, and more commonly in the so~called
"Redlands" section west and north of Homestead, potholes in the limestone
often contain small quantities of a reddish cley which 1s epparently a vroduct
of limestone decomposition, Despite the formidatle material and the expense
of preparation, the rockland area is presently enjoylng an agricultural boon,
Large tracts of pineland have been cleared for mango, avocado, and lime groves,
and for winter vegetable fields. 4t the present rate of development the
South Tloride vineland seems likely to disappear almost entirely except for
the Long Pine Zey section in Zverglades T'ational Park. In addition, the

—2]1=




method of agricultural preparation (by bulldozing off vegetation, scarifying,
and rock plowing) produces such extreme changes that pine is wvery slow to
recolonize abandoned rockland fields.

VEGETATION ~ THE PINE QVERSTORY ~ South Florida pine forests are
composed entirely of Caribbean pine (Pinus caribaea) in open stands with a
variously developed shrub understory, and a ground cover of grasses and herbs,
In mature stands the pines typlcally have long clear trunks and small, often
much twisted, tops., The photographs below (Figs. &, 2, & 3) show the appear—
ance of the only near-mature stand of Caribbean pine remaining in South
Florida. This is the small area of pineland of the original Royal Palm
State Park now included in Everglades National Park. The largest trees here
reach 16" DBH. 'ith the exception of this small tract all of the rockland
pine forest of South Florida has been cut over, much of it several times,
Several small sawmills still operate in the Homestead area, but very little
useable timber remains.

The following account of early lumbering operations in the region
is largely from information provided by a former lumberman, :r. F. L. Skill
of Homestead., — Cutting began in the Redlands area about 1905. The chief
sawmill was at Princeton a few miles northeast of Homestead., ilules and oxen
were used to get out the logs, and large steam tractors to haml them to the
mill, The so-celled "Dade County pine" was the hardest pine timber kmnown,
and was also strongly termite-resistant. Logs "more than thirty inches in
basal diameter" were not uncommon, and during World Var I many thirty foot
12 x 12" timbers were supplied to the U, S. Havy. To Mr. Skill's knowledge
no South Zlorida pine forests were ever turpentined, Lumbering began on
Long Pine Xey around 1935 and continued up to 1946 or 1947, ir, Skill stated
that the pines of Long Pine Xey were smaller than those of the Redlands, the
largest being about 24" in basal diameter. Beard (1938: 10) says "There is
not very muchk of the original stand of large pines left on Long Pine Xey
because lumbering operations on State property have been in progress for a
year or two now.," Two sawmills operated or Long Pine Zey, one at Osteen
Eammock Glade about one mile west of the east end of the Key, and a later
one at Twin Eammock Glade, some four miles farther west. According to
information supnlied by v, C. C. von Paulsen of Homestead, cutting at the
Twin Hammock Glade mill proceeded until 1947, Trails used in bringing logs
to these mills run throughout much of the Long Pine Xey pinelands, These
have recently been used as access roads for firefighting, and occasionally
as fire breaks. Apparently considerable cutting was done after 1940, as many
of the present logging trails do not appear on aerial photographs of the
1940 series. ZFig., 4 shows z pine stand typical of much of Long Pine Key,
with a2 thin overstory of cull trees left at the last cutting, and a vigorous
understory of young pine, Other areas of Long Pine Xey now have cven—aged
gecond growth stands of somewhat larger pines, roughly 35 - £Z0 feet tall and
4 — 8" D3H (see Fig, 7). lir. Skill states that clean cutting was the usual
lumbering practice in south Florida, and that Long Pine Key was lumbered in
this manner, =z=e believed that parts of Long Pine Xey were gone over again,
at which time any remaining usable trees were cut, This would account for
present variations in pine stands of the area,

VIGETATION ~ SHRUB UIIDERSTORY ~ The rockland pine forests of 3South
Florida are characterized by an extremely varied understory of low palms and
hardwood shrubs, In some areas of Long Pine Xey 40 or more species can be

28—



found growing within a radius of a few yards, ilore than 100 species occur

in the understory of South Florida pine woods, and perhaps half of these

are of fairly regular occurrence, Table 10 included in the Appendix shows
the specific composition of the pine woods shrub understory vegetation at

18 South Florida sites and the constancy of occurrence of the various species,

As might be expected from the large number of species involved, a
great deal of variation occurs in the composition of pine woods understory
vegetation from stand to stand. Some of this variation may be well corrclated
with slight differences in the elevation, topography, and/or soil of the
sites occunied. The following scries of photographs show some of the major
understory types found in the Long Pine Xey areca which I interpret as the
regult of such site differences.

Figures 5 shows a shrub small treec understory of mixed hammock
hardwoods which is typical of the "upland" pinewoods sites. These are the
most elevated sections of rockland with much-eroded limestone at the surface,
and with many dcep solution holes and occasional small areas of red clay
(Redlands) soil.

. The height and density of the understory developed at any such
gite depends largely on its recent fire history. Vegetation of this sort
variously modified by fire occupies much of the Long Pine Xcy pineland.

Figure 6 shows a shrub understory characterized by fire-pruncd
buttonwood (Conocarpus erccta) occurring at transitional low pineland sites
along the slope from pine forests to sawgrass glades. These sites have less
exposed limestone, and the pot holes are filled with marl. The size of the
area occupied by this buttonwood zone seems to depend on the steepness of
the slope from pineland to glades., Along many of the transverse "finger®
glades, which indent the south side of Long Pine Xey, this slope is abrupt
(for South Florida), ond the buttonwood strip is narrow, Zlsewhere on more

gradual slopes, as ot the site shown, extensive buttonwood areas occur in
pinelands,

Proceeding along the "slope! from "elevated" pine rockland to saw-
lades one encounters areoas where most of the limestone is covered by
» thin layer of narl, with little rock exposed, At such sites the under-
gtory ig dominated by saw palmetto (3erenon revens). No hardwoods occur,
and the grasses and charactéristic herbaceous plents of the higher pineland
are reploced by sawgross, and other scdges, and meny gladeland herbs, Figurc
7 shows an arcas where palnettos, occur under vpines. Higher rockland with a

ixe d hardwooéd understory appeanrs ir the background. On slightly lower

itos the pines disappcar and extensive palmetto flats are found (Figure 8).
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toges discussed are rather arbitrarily chosen., Their occur-
rence is apporontly controlled by zradual changes in elevation and substrate
devcloped along o gentle slope. As would be expected one finds complete
intergreoding, with fow abrupt tronsitions betweon "stages,”

Another definitely site-relatod vorinsion in the pineland shrub
understory is that brought about by decp solution holes of the high rockland
arcas. These holcs corne in 211 sizes up to 50 fect in diametor. In the
Long Pine Koy orea six feet is ~bout their maximum depth. The holes arc
usually well-filled in summer, =and moy hold water well into the dry scason,




Hardwood species characteristic of wet sites (such as the bayheads of the
glades) are often found growing from the btottoms of these potholes in the
pinelands. Species commonly occurring are: Dahoon holly (Ilex cassine),
pond apple (Annona), willow (Salix anphibia), sweetbay (Magnolia), and
redbay (Tamala), Figure 9 shows a clump of willows growing from a bathtub-

sized pineland solution hole on Long Pine Key., Such locations enjoy some
fire protection, and the plants often survive to reach tree size.

Variations discussed above may be more or less definitely associated
with obvious site differences. In addition there is much variation in the
total density and specific composition of the hardwood shrub understory of
"upland" pine forest which is evidently not related to site differences. Part
of this undoubtedly results from the different fire effects histories of the
various sites but the absence of exact information on the fire histories of
local areas makes this relation difficult to demonstrate.

In order to get a clearer idea of the extent of the variation of
the shrub understory in a extremely limited area counts of understory plants
were made on a series of 12 closely adjacent 1/10-acre plots. The pineland
area chosen for this quantitative study has a noorly developed shrub under-
story and is believed to represent the lower limit of variation in pinewoods
understory vegetation., The plots studied show no obvious differences in
soil or elevation and are so nearly contiguous that any differences in fire
effects history seems most unlikely, The results of this study are presented
in Table 11 (Appendix).

In this case the specific composition of the shrub understory is
fairly uniform. One of two species, rough velvetseed (Guettarda scabra) or
varnish leaf (Dodonsea Jamaicensis), predominates in numbers on all plots.
Seven species occurred on all plots studied, and these include the six most
abundant species. Sixteen Species occurred on two-thirds or more of the
plots. In contrast, the plots studied show great variation in the density
of the shrub understory. The plot with the most dense shrub layer supports
over five times more woody plants than the piot with the least dense shrub
growth.,

For the Long Pine Key area as a vwhole, variation in the specific

- composition of the shrub understory is much more marked. As noted in Table

10 any of ten or more species mey predominate in local areas. Also as shown
in Table 11 either or toth of the two species which were predominant on the
present quantitative study plots may be absent elsewhere. It seems probable
that some of the variation results from variations in the frequency and
season of burning at different sites, but the influence of this possibly
important fire effect cannot be determined from data now at hand.

VEGETATION - GRASS-HERBACEOUS IAYER. To complete the description
of south Florida pine forest vegetation some account of the rich herbaceous
flora is in order. This flora contains many striking species, and should
eventually prove to be a considerable attraction even to casual visitors.
In addition a sizeable proportion of the species are endemics, found only
in south Florida, which adds to their botanical interest. Since virtually
all pineland fires are zround fires, the development of this grass-herba-
ceous layer varies greatly from place to place according to how recently
the area has burned. This relation will be discussed in the next section
of the report. A list of the characteristic pineland ferns, zrasses and
herbaceous plants is included in the Appendix.
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Introduction

The hammock forests of Zverglades National Park are one of
the Park's most notable biological features, Along with the mangrove swamp
forests they serve to give the region its tropical character. And, since
they fulfill to some extent the popular idea of "Jungle", they are of great
visitor interest. Information on their ecology is valusble both for proper
interpretation and as a guide for management practices. However, despite
the botanical interest of these forests their ecology is still but poorly
kmown, Phillips (1940) study of Castellow Hammock is the only detailed
ecological work yet published. This section of the present report provides
a considerable amount of new data on the flora of hammock forests on a
variety of sites, and quantitative data on the forest composition of some.
In addition an attempt 1s made to point out some of the geographic and
theoretical areas from which further information is to be desired.

In considering the hammock forests two basic idecas should be kopt
in mind., ~ 1, The tropical element of the flora represents that part of
the Antillean, particularly the Cuban, flors that has been nble %o become
established across a water barrier through the action of natural agencics
of dispersal that are still operative. There is every resason to believe
that the »rocess continues and that the chances of disvporsal and egtablishe
ment will bring additional species of tropical plants to South Florida.

which are rare or, which show nuzzling wnatterns of 4i

Florida, may pc the more recent arrivals, =2, Withi
tropicel vegetation In South Florida occur two climat

may influcnce the distribution of the tronical specics 2
composition of tropical harmock forest vegetation., Thesc arc the south

to north gradicnt of increasing frequency of killir osts, and the roughly
east to west gradient of docreasing annual rainfall from an average of

about &C" per year at iiami to 40-" per ycor at oy Vest,

o

ution in South
e of the

P
. 1
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The South Florida tropical hammock forests must be considered to
be in a tentative state of development which reflects the geological youth
on, the vagaries of dispersal across water barriers, and the

a crivical climatic boundery.

ORIGIY O0F Tz IROPICAL FLORA

sl s, X,

The point of origin of South Florida's tropical plants and the
probadble modes of transport are matters for interesting speculation though
no "answers" are likely to be forthcoming, 0f the two nearby Antillean
areas CuDa seems a more likely source than the Bahamas both because it is
geologically older and because ocean currents apnear to favor Cube to
Florida traasport over the other, Simpson (1932, pp. 53-54) indicates
the source more precisely as the Sierra de las Crganos region of north-—
western Zuba, and calculates that fruits or seedlings carried into the
Gulf Streom by rivers draining these mountains would be off the Florids
Keys in two and one-half days. Considerabdly more rapid transport either
by wind or water presumably could occur during hurricanes,

8 ISR
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The possible natural vectors of plamt propagules from the West
Indies to Florida include ocean currents, migratory birds, and hurricane
winds., There is considerable interest in attempting to evaluate the
relative importance in the South Florida situation of these several trans—
port facilities,

At the present time casual field observations suggest that hur-
ricane winds and tides are the major factor in the natural establishment
of West Indian plants in South Florida. Simpson (1932, p. 55) writes "I
have seen again and again little bays and shallows of the sea in Cubs,
Jamaica, Faiti, Central America and the Bahamas filled with logs, brancihes
of trees, decaying wood and leaves, as well as millions of seeds ... here
the cargo lay awaiting shipment ... Once about a month after a severe
hurricane I visited the Lower Xeys where the water overwhelmed a considerable
part of the land and I found hundreds of acres on Big Pine and other keys
simply buried in ‘fest Indian trash and seeds; millions of the latter were
sprouted and grovwing, the very same snecies that constituted the flora of
thege iglands.” Darlington (1938) has discussed the role of hurricanes in
the origin of the fauna of the Greater Antilles. Although his paper deals
mostly with transport of animals by hurricanes much of the discussion is
also pertinent to the present problem., Careful field observations in the
wake of future South Florida hurricanes may provide additional information
on the hurricane as a vector of organisms, a bio-geographical factor of
great importance throughout the Caribbean area.

The role of migrant birds in the swread of plants across water
barriers in the Antillean region is uncertain, Howard (1950) considered
birds as well as other agencies of inter—island transport in his study of
the vegetation of the Eimini Islands, Zahamas., IFrom results of feeding
tray experiments conducted on Bimini in iay (ibid, p. 239) he concluded
that birds are probsbly effective vectors only of swnecies with small fruits
and seeds that arc complctely ingested and may remain visble after passing
through the digestive tract. He found that the pericarp of larger fleshy
fruits (such as those of pigecon plum, Coccolobis laurifolia) was usually
pecked away end eaten, while the seed itself wos seldom carried for any
distance. Accordingly in his very interesting table (om. cit. Dp. 342-349)
Howard lists birds as a probable mejor factor in the inter—island dispersal
of a number of swecics, Several questions may, however, bc raised in regard
to Howard's feeding station experiments. The species of birds which particie-
nated in the experiments sre not named, nor is it definitely stated that
they were mizgrsnts rather than resident Zaheman specics., The exact dates
in ifay on which the work was done are not given. Since specific diffcrcences
in plant food prefcrences among birds almost undoubtedly exist, as well as
specific differcnces in the method of dealing with the seme plant food item,
it would seem to be important to distinguish the bird soecies involved., The
exact liay Cates are cqually importent, so far as South Florida is concerned,
since the bulk of soring migrant passerines have vassed through South Florida
beforc the middle of ilay. The following comment of Simpson (1932, p. 52) is
st in the consideration of seed transport to Florida by bvirds.

511 the trees and shrubs of Juba and the nearcr tropics blossom
ing or carly summer and ripen their fruit in late summer or fall,
This is cspecially truc of those that bear drupes or berrics,... They
furnisih excellent food for migrsting birds, but unfortunately theyr arc
going south - the wrong way. 'When they come back on the homeward flight
in the soring nearly all the fruits have fallen,"

-~ dles
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Proper evaluation of the possible role of birds in the dispersal

of West Indian plants to South Florida will require much data on the coinci-~
dence of available seed sources with the spring migration dates and routes

of particular bird species; on the food habits of the bird svecies involved;
and, on the viability of seeds of various plants after passage through a
bird's digestive tract. There seems no reason to doubt the importance of
birds in South Florida in the local dispersal of many plants, In addition

to seeds nassed with feces, many field observations, involving a wide variety
both of plants and birds, suggest that entire frults of many plants are
commonly carried distances up te several hundred yards by adult birds feeding
nestlings. The rapid appearance of such plants as Irema floridana on any
newly available bare area is likely due largely to seeds dropped by birds.

Howard's study of possible methods of plant distribution by feeding
experiments with various fruits and sceds offered to birds and land crabs
seems to offer many possibilities for significant work in a field where the
rhetorical approach has becen more common. Other linecs of investigation in
experimental plant geography, such as experimental study of toleration of
exposurc to salt water by fruits of various species immediately suggest
themselves.,

THE TERM "HALRIQCKM

:ach effort has been spent in attempts to define, de-limit and
derive the term "Hammock!" in its use in reference %0 southeastern United
States forest types. The term enjoys wide (and unfortunately rather flexible)
lay usage locally and throughout Tlorida and tries at a scientific definition
have not been signally successful. I am compelled to cite some of these
for two reasons: 1. To give a brief historical review of the development
of scientific notice of the difficulties invelved in use of the term, and,

2. To illustrate some of the clustering smbiguities which almost defy a
precise application of the term.

(Zarper, 1905, p. 400-402) *,.. It mey be broadly defined as a
limited area with comparatively dry soil (2t least never inundated and thus
distinguished from a swamyp), containing a large proportion of trees other
than pines, and located in a reglon whore "prairies", marshes or open pine
forests predominate. Topographically a hammock may be either a slight
clevation or a denression, or a slopec, and its soil may be sandy, clayey
or rocky. The goil is usually rather rich, and thc trees growing in it are
usually mostly evergrecns — theugh there is probably no one trec which
charactorizes all hammocks — and they usually grow so close together as %o
shade the ground and allow the formation of humus, which is almost wanting
in the adjacent areas ... A hammock as herc defined is always charactorizoed
by its vegetation rather than by its tovography, it can hardly have anything
to do with 'hummock'."

(Earper, 191la, p. 217 footnote) Mlany residents of other states
who have written about Florida have attempted. te define "hemmock" (a term
which is used in Tlorida more than in all the rest of the world) but most
of them have missed the mark by attempting to correlate it with soil. A
hammock is nothing more or less than a certain type of vegetation: namely
a comparatively dense growth of trees other than pines on comparatively

—27-



dry soil ,.. in a region where open pine forests predominate, The ground
in such vplaces is usually covered with more or less humus derived from
the trees but under the humus may be either sand, clay, marl or limestone,"

(Small, 1916, p. 165) "A hammock - the word probably of indian
origin - is a dense growth of mostly broad-leaved shrubs and trees, thus
giving shade, in a pine forest or on a prairie, The use of the word is ;é
confined to Florida and adjacent states," i

(Simpson, 1920, p. 190) "The word "hammock" 1is generally applied ‘f
in Tlorida to the forests of broad-leaved trees as distinguished from pine '
wood.s,"

(Small, 1930, p. 14, footnote 2) "... Sometimes hammock growth
occupies a whole geologic formation, at other times it exists as islands, v
g0 to speak, in pinewoods or on prairies, or surrounded by other plant L
agssociations. They occur only in regions protected from fire, or in fire- i
ravaged regions they represent areas that fire has not yet run through. It f
cannot be correlated with altitude or with soil, for beneath the humus ... n
may be sand, clay, marl or rock."

(Byers, 1930, p. 227) "In Florida the term hemmock is used to ,i
\ 1
designate hardwood forests." i
g?

(Small, 1931, p. 1) "It (hammock) was formerly confused with the L

word hummock, a topographic term, EHammock is a phytogeographic term."

(Phillips, 1940, oo, 166-~7) "Southwest of i{iami on the limestone
ridge there are numerous islands of vegetation kmown as tropical hemmocks.
These particuler hammocks are composed of a dense growth of trees of tronical
origin ... The term hammock is applied %o seversl different types of plant
associations., The term as here used corresponds to the definition given by
Harper (1905) in a paper in which he discusses the derivation of the word
and its various corruptions, In a lafer paner -arper uses the term hammock
a8 synonomous with climax, The term hammock ag used in northern Florida by
Thone (1927) also refers to the climax type of vegetation and does not give
the idea of an islend of vegetation.!

(Carr, 1940, p. 15) "In Florida the word hammock is apr
any hardwood forcst., The prevalence of coniferous woods — dinelands and
cypress swamms - lend significance to a term which digtinguishes between
these common tynes and the hardwoods ... (ibid., pp. 17-123) A mesophytic
forest of hardwoods mostly West Indian in spscies, appears to be the climax
association for the Florida Zeys and the peninsula gsouth of Palm Beach
County on the east coast, Hendry County in the interior and Lee County on

apnlied to
1

the west coast, Hammocks of this type occur in potholes or in old detriftus-—
filled deorcssions in the limestone flatwoods; as insular elevations in the
Tverglades; a~long the banks of many creeks and rivers; and intermittently

in the vrairie land and buttonwcod forests back of the mangrove swamps in
the Cape 3noble region and along the shorss of Florida Ray."

(Laessle, 1942, p. 35, and fo
80

ot?ﬁte 14) "Egmmocks are woods
dominabted by Zroadleaved Zvergreen tre i

8. They occur on a variety of

2B



goils, ranging from well-drained to nearly saturated, but never occupy arcas
that are seasonally or periodically flooded ... Although Watson (1926),

Carr (1940) and others have defined hammocks as hardwood forests, I believe
that a more restricted definition of the term is not only desirable but is
closor to the accepted usage of the term in Florida. Areas of congiderable
size dominated by evergreen hardwood trees zre so abundant and well-marked
over most of the state that they constitute a characteristic feature of the
landscape and require some distinguishing term. The term hammock as used
in Florids nearly always connotes such evergreen hardwood associations, and
should be restricted to this use as a definite ecological term."

(Davis, 1943, pp. 16657) "The term hammock as used in Florida
has come t0 mean groups of broad-leaved treecs, either evergreen or deciduous,
which are frequently associated with the cabbage paln or other palms. These
groups of trees usually form a dense forest as compared to the surrounding
forests, nmarshes or prairies. They also usually cover small arecas and ...
atand out on the horizon as islands of trees ... The outstending feature
of the southern Florida hsmmocks is the grest diversity in the kinds of
plants that form then.!

(Douglas, 1947, p. 32) "The islands are like the sawgrass, the
particular feature of the glades ... They look like huamocks and many books
persist in calling them so. They are callcd also "hcads", "strands" and
Ntpoe islands", but the right nene is "hamnmock" from Thanaca, an Arawak
word for jungle or masses of vegetation floating in a tropical river."

(Bgler, 1952, p. 232, footnote) "Eanmock, a vernacular south
Florida tern, derived from Hamaca an Arawax Indian word for Jjungle, or
nasses of vegetation floating in a tropical river (Douglas, 1947), A
hamnock (not to be confused with nunnock) is a ohysiognomic vegetation
type, an "island" of deasc forest in o "secal of open forest or grassland.
Harnocks may be higher than, lower than, or on the same soil level as the
surrounding vegctation. They nay bde develonmncntally younger than (1.8, &
pioneor stago) or older than (i.c. nearer a "climax") than the surrounding
vegetation., They are usually more fire resistent, and less often burned,
than the surrounding vegetation,'

Tavle 4 summarizes the hammock definitions. The difficulties
involved in the use of the word sten from ana ganation of several conceonts
into onc tern. The term "hammock", as applied to vegetation incorporates
two main ideas: the physiognomic idea of a limited or igland gtand of
vegetation; and the structural iden of o definite type of vegetation (i.e..
a floristically diverse, nature hardwood forecst with a deep hurmus deposit
occupying a non~swanp site)., Pecrhaps the tern was originally applied only
to islands of the particular forest type. If so, usage hag long since
ccased to obscrve this restriction. The use of the term has varied from
the extrerne physiognonic sense, in which any island stand of forest, regard~
less of type, is called a "hamnmock": to the cxtremc structural sensec, in
which any stznd of presumed climax or near—clinax vegetation, regardless of
extent, is called a "hanmock", Cascs offering opvortunity for confusion
are far morc nuncrous than are the stands qualifying as "hammock" by both
counts, thus, thc continuous tropical forests of the Upper Florids Keys are
Whammoclks! in local parlance and in structure, but they are not islands of
vegotation., And, a stand of cypress in a flatwoods pond is a "hammock" in
the strictly vhysiognomic sense of being an island of dense vegetation, but
in no other,
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The foregoing definitions were not summoned out of the literature
for the purpose of providing the author with antagonists, There is really
no question of right usage vs. wrong usage involved, excevt, perhans, where
authors have failed to clearly distinguish "hammock, " in their own defi-~-
nition, from other forest types (such as "bayhead") to which they apply
“different terms. Egler's (1952) use of the term in its strictly physiognomic
sense with reference to "cypress low hammocks" (p. 235) and "Avicennia,
hammocks" (v, 259) seemed completely foreign at first glance, I acknowledge,
however, that this usage is perfectly at peace with his definition,

It is difficult to see how one should proceed in the fact of thisg
gsemantic stalemate, A possible solution, of course, is to abandon ecological
usage of the term, However, it is so firmly entrenched in the vernacular,
that this extreme measure would be advigable only as a last resort, and if
no restricted usage can be agreed upon., Certainly the problem merits the

careful attention of all southeastern botanists.

For the purposes of this vaper the term "hsmmock" is used. in its
structural or floristic sense. Since the flora of South Florida "hammockg"
largely differs from that of "hammocks" elsewhcre in the region where the
term has currency they will here be referred to as "tropical hammocks, "
following Phillips (1940) end Carr (1940) in this usagze. As here used,
"tropical hammock forest" refers to both extended and island stands of the
forest type composed of a variety of predominantly West Indian hardwoods
which is the presumed climax vegetation on all sufficiently elevated siteg
in South Florida., This usage definitely excludes such vegetation as the bay
and cypress islands of the Everglades which some authors (Ledin, 1950;
Egler, 1952; et al,) have termed "hammocks," These are herein refeorred to
as "bayheads" or "cypress heads." Usage of both terms is in accord with ny
understanding of their local employment in South Florida. I have not,
however, conducted a plebiscite on the matter, and admit the possibility
that the present interpretation may be a nistsken one,

V ZONAL POSITION OF SOUTH FLORIDA FA.3i0CK FORISTS

It has become custonery to refer to the South Florida hammoclks as
"sub-tropical, Thus, Davis states (1943, v. 140) "There is little doubt
that nearly tropical conditions exist in southern Florida, especially on the
Florida Xeys, Dbecause so many tropical plants are at home there, but the
climate is, however, considered sub-tropical and the hammocks are thersfore
sub~tronical and not tronical." -~ I confess a failure to follow this
reasoning completely, It is true that frost occurs throughout South Florida,
perhaps more widely and more freguently than weather records may show. It
is also true that occasional frogsts are severe enough, at least on the main-
land, to do extensive damage to native trovwical vegetation. This factor,
however, has not had sufficient influence to prevent the development of
vegetation types which show detailed resemblance to seversl in the unabashedly
"tropical Antilles, Since the vegetation develomed under the reigning
climats is a community composed of tropical plant species, therc seems no
clsar need for a prefix, The term "sub-tronical harmmock" does not describe
or explain anything and it contributes confusion by suggesting differcences
that do not exist., What "sub-trovical' swecies are involved? Most of the
plants concerned occur throughout the West Indics, or even more widely in
the Weotropics, It seems nuch more inportant to emphasize the striking
similarities, rather than the nminor differences,
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The ecological understanding of the South Florida hammock forests
is not likely to be served by forcing them into classifications of vege-
tation developed for the southeastern United States, as has sometimes been
attempted (Davis, Fla, Acad. 5ci., Nov. 1951, p. 5).* The union seems mogt
unnatural, Lower Florida from about the line Tampa-Cape Canaveral south is
a region where species of south temperate and tropical floras both apvroache
ing their climatic range extremities, meet and sometimes mingle to form
transitional vegetation types. It may be said that the tropical species
and vegetation types tend to nredominate near the coasts with the south
temperate agsemblages extending far south on suitable sites in the interior.
There is no sharp junction and no reason to expect one, but it is evident
in traversing the region that a major zonal boundary is crossed. One passes
from an ares in which the dominant elements of the flora are almost wholly
south temperate to one in which they are almost wholly tropical., South of
the latitude of iMiami the passage into the zone of a tropical flore is
virtually complete, Here the proportion of south temperate species which
enter into the self-maintaining hardwood forest community becomes insignifi-
cant.

It scems reasonable, therefore, to try to relate the South Florida
hardwood forests to vegetation-type clagsificationg developed for the Few
World Tropics and particularly for the West Indies., This point will bear
much emphasis, It indicates the direction in which we need look in order to
obtain ecological information of use in the interpretation and managemcnt of
these tropical forests which are one of the high spots of interest in Ever-
glades Wational Park,

One of the most useful classifications of neotropical vegetation
types is that develoved in the paper "Climex Vegetation in Tropical Anmerical
(Beard, 1944), This classification arranges vegetation types into a number of
"formations® vrinarily distingulshed by physiognomic aspect rather than
floristics. These pnlant formations ars grouped into "formation-series'
formations which occur under similar habitat conditions., Yoisture relations
are considercd to be the most significant cavirommental factor in detcrmining
the stage at maturity of voegetational develownent on most sites, In 3eard's
classification the tropical hammock forests of South Florida fall into the
gserics termed "seasonal formations® (ibid., p. 137). The invortent feature
of the nabitat of thess vagetation tyvss is seasonal drousht, a more or less
rogular annual veriod during which evanoration - ftranspiration exceeds pre-
cinitation. 3card cites the work of Charter (1941) in British Honduras
which indicated that in tropical America the drought point is reached (on
sites with normel droinage) with a monthly rainfall of less than four inches,
3ites with czcessive internsl drainsge, such as mey be true of some in South
Tlorida, may ciuperience drought conditions at a somewnat higher monthly
rainfall.

¥*Tn his discussion Davis indicates that ho has considered and rejected the
possibility that South Florida hammock forests nmay belong to the tropical
formations of Scard. In his classification (p.5, Table I) these forests
are listed under the "Southeastorn Broadlzaved Hardwoods Forest Formation!
as "Subtronical Harmock Forest Ascociations and issocies." 3till nore
singular is tic inclusion of nangrove vegotation in this formation.

ans
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Table 9 (included in the appendix) was prepared in order to better
estimate South Florida rainfall on the basis outlined above., The table
shows by years (1900-1947) all periods of two or more consecutive months

in which lesg than four inches of rain per month was recorded at six South
Tlorida stations, Also ghown are the months of each drought period and the
recorded rainfall for these months, From the data shown the average length
in months of the annual drough period, and the average total (and monthly)
drought veriod rainfall is calculated for each stationi. The ta2ble shows
that a well-marked annual drought period occurs throughout South Florida,
There is much variction and records from several ststions are short, It is
perhaps safe, however, to generalize to this extent. In the Miami-Homestead
aresa the drought period generally extends from November or December to April
or May. Proceeding south and west out the Florida Keys the drought period
is lengthened, vrimarily through the occurrence of a secondary midsummer
period, and amproaches eight months duration at Key West.

Some authors have referrcd to the South Florida hammocks as "rain
forestsh (see Harshberger, 1912; p, 120, and Byers, 1930: p. 229), This view
is completely in error, justified neither by the aspcct of the forest nor the
regional rainfall, Beard states (loc. cit.) "These (scasonal) formations are
typically the expression of a seasonal -- as against a well-distributed

rainfall ... The duration of seasonal drought determines the degrce of diver-
gence of physiognomy in the formation from rain forest.'

N

Siz formations distinguished by the relative scverity of the
seagonal drousght comprise Beard's scasonal formation - series. It is empha~—
sized that the transition is complete, and that the stages sclected, ranging
from ncar rain forcst to desert, are rather arbitrary. The South Florida
tropical hardwood forests evidently belong near the more mesophytic end of
this series with the "Zvergrecen 3Seasonal Forests", "Semi-overgreen Scasonal
Forosts!, and "Deciduous Seasonal Forests," Salient characteristics of
these forest tywes arc given below, b

Eversreen Seasonal Forests (on, cit., p. 138).

Forests with three tree strata - a discontinuous upper ;
layer reaching 100 %'; a middle leyer forming a closed canopy at g
45! ~ 90'; and a lower layer at 10' - 30', Occasional large trees Tl
in a forest of smaller growth, Larger trees branch low aad have i
soreading rounded tops. Lianas and epiphytes are common, and b
ground vegstation is sbundant., -- Predominantly an evergreen
forest but some svecies in the uoper tree layer may be deciduous, |
Species of the lower strata are evergreen. Compound~leaved species i
vredominate in the upper two strata, Host species in the lower 4
strata have simple lsaves, ~—— A rich flora with 80% tree gpecies

per associatidn,

Semi-cvergrecn Seasonal Forests (on. cit., p. 138-9)

Forests with two tree strata —— an upper story at
60t — §0' and a lower betwesn 20' - 45', Cccasional large trecs,
but with most of the mature specimens sbout 18" in diameter. The
trces fork low and tend to be umbrella-shaped. Lianas are very
abundant, cpivhytes are relatively rare, ground vegetetion 1s scanty,
Ais




Pan palms may be common. Species in the lower story are
mainly evergreen, most of those in the upper story are
deciduous in verying degrees depending upon the severity of
the dry season, Compound lcaves predominate in the uwoper
story, simple leaves in lower story. B0 to 80 tree species
per association. '

Deciduous Seagonal Forests (op. cit., . 139-40)

Two layered forests with a closed canopy formed by
the lower story at 10' -~ 30' and a scattered upper layer of
trees reaching 60!, The trees branch low and are often crooked.
Lianas-and epiphytes ere rare, ferns and mosscs are virtually
absent, Ground vegetation is sparse to absent, Two-thirds or
morc of individuals in the upper stratum are deciduous., Trees
in the lower stratum are mostly evergreen. Compound and simple
leaves arc about equally distributed in the upper story, simple
leaves predominate in the lower story, a relatively poor flora
with 30 to 50 trec species per assoclation,

It is scarcely to be expected that forests developed in a tropical
fringe arca such as South Florida would fit all details of this classifice-
tion. In addition much of the data necded in order to test the closeness
of the fit are still in the woods. It may be said, however, that such
forcsts as thosc of Paradise Key and the lahogany Hammocks apnear to closely
aporoach the Evergreen Seasonal Forest type; while hammocks of the middle
and lowecr Florida Keys (such as that of Lignum-Vitae Key) tend equally toward
the Decilduous Seas9nal Foreste,

DECIDUQUSHIESS IW SQUTH TLOEIDA HAGIQCK FORESTS

As shown, degree of deciduousness of the emergent tree stratum
is a key point in the classification of the seasonal forest types, The
gcarcity of wrecise information on this voint is typical of the general
state of ecological knowledge concerning South Florida hammock forests,
Harper (1927, 108~112) seems to be the only author who considered this
asvect in any detail., In his lists of nlants for hammock forests of several
areas some evergreen and deciduous trse species are distinguished. Pioneer
South Florida naturalist, Charles Torrey Simpson, was intrigued by this
matter and makes several gencral observations about deciduousness in South
Florida hammocks., He writes (1932, p. 174) "In that part of the state which
may be truly called semi-tropical only a few trees such as the willows and
the red mulberry among the hardier ones, and, the Gumbo-limbo and Metopium
or poisonwood, partislly or even almost wholly cast their leaves in winter, "
Simpson evidently concluded that deciduousncss was inconsequential since he
later states (ibid,, p. 182) "Put the most accomplished northern botanist
into one of our hammocks and I defy him to tell whether it is June or
January, Soring or Autumn,"

Totwithstanding the above gtatements many hardwood tree svecioes
are rsgularly deciduous in South Florida and others appear to drop their
leaves irrcgularly devending on the severity of the dry season. Three
general types of deciduousness may be distinguished.
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1. One type is that shown by woody species of northern
origin that are regularly deciduous in late autumn as
in temperate regions. These species usually are bare
for only a short period, beginning to leaf out again
soon after leaves are drommed. Species in this grouo
include:

Salix amphibia (willow)

Morus rubra (Red mulberry)

Celtis mississippiensis (southern hackberry)

BRhus leucantha (sumac)

2. A number of tropical species appear to be irregularly
deciduous in south Florida, the degree of leaf fall varying
with the intensity of the drought period. Cool weather may
be another factor that affects deciduousness, since Simpson
observed (op. cit., p. 172) that gumbo~limbo and poisonwood
didn't drop their leaves in the cool winter of 1930-31, --
Thig sort of deciduousness can be very misleading. Therc
is no gencral leaf fzll and the change in aspect of the
forest from week to weck may be scarcely noticeable, None-
theless the crowns evidently thin gradually until at the end
of a severe dry season, such as the winter of 1951-52, the
hammock ccnopy may be virtually leafless, and the usually
dark forest interiors are open and sunny. The following
liets some of the notsble members of this group. It should
be noted that this list also includes most of the specics
which enter the upver canopy of the hammock forests.

Ticus aurea (strangler fig)

Divholis salicifolia (bustic)

Sideroxylon foetidissimum (mestic)

Elsphrium simaruba (gumbo-limbo)

Metopium toxiferum (woisonwood)

Lysiloma bahamensis (wild tamarind)

Ichthyomethia piscipula (Jamaica dogwood)

Swietenia Mahagoni (mahogany)

Simaruba glauce (paradise tree)

3. Besides the above irresgular deciduousness several
tropical species regularly drop most or all of their leaves
at the very end of the dry season, flower on bare branches

o}
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nd then nut out new foliage. This is striking in the case
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of Jemeica dogwood, soapberry (Sapindus), coral bean
(Erythrina), mahogany, and gumbo-Llimdo, and also occurs
in poisonwood, rough velvet seed (Guettarda scabra),
blolly (Torrubia), Pisonia rotundata, and the armed ham-
mock liana, Pisonia aculeata.

Additional information on the extent of deciduousness in south
Florida hamiock forests and its more precise correlation with climactic
conditions would be of considerable interest.

DESCRIPTIONS OF SOUTH FLORIDA HAMWOCK FORESTS

The distribution of hammock forest vegetation in the region is
governed by the occurrence of sufficiently elevated sites. These elevations
may either be features of the original substrates (e.g. the Miami Rock Ridge),
or vegetation-induced through peat deposits built up under swamp forest vege-~
tation types (bay and perhaps mengrove forests). A third class of eleva-
tions occupied by hammock forests are the mounds resulting from the activities
of early Indians. In areal extent the hammocks of natural elevations are
much more prominent than those occupying deep peat deposits, although the
latter are of great ecological interest. The necessary eievation for ham-
mocks on deep peat is provided by soil that is subject to destruction by
fire, as discussed later. This may account for the relative rarity of such
nammock sites. Disregarding these, it may pe said that the available ele-
vations are located in four discrete regions: 1. The Miami Rock Ridge,

5, The south and southwest coasts; 3. The Upver Florida Keys; and L. The
Lower Florida Keys*. The hammock forests of sites within each of these
regions show certain gimilarities, and differ somewhat as a group from those
of each of the other regions, both in floristic composition and in general
forest aspect. At present it cannot be definitely stated To what extent
meny of the supposed differences are due to inadequate knowledge of the
regions (e.g. incomplete botanical exploration, comparison of forests not
strictly comparable in age or disturbance history,etc.). Some of the dif-
ferences, however, appear to truly represent the vegetational expression of
differing characteristics of the particular regions (i.e. regional variation
of climate, substrates, geographic location and geological history).

. In the following account these hammocks of four regions are briefly
discussed and the regional peculiarities noted. Table 5 shows the floristic
relations between the regions as indicated by present knowledge of the dis-
tribution of the woody plant species of the tropical hammock forests. Table
13 (see Appendix) gives complete lists of the woody plants of 25 sites rep-
resenting all four regions.

MIAMI ROCK RIDGE HAMMOCKS

These are hammocks occurring on the ridge of Miami Qolite which
extends south and southwest from Miami into the Zverglades. Within the

* A complete consideration of the south Florida nammock forest vegetation
would have to include hammocks of the Pinecrest area of upper Monroe Co.,
and the more northerly hammock outliers along both coasts of the peninsula
and both sides of the Everglades. None of *these areas were covered in the
present survey.
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region individual stands often show much floristic variation., This appears
to be associated with two factors: 1. Nearness to the coast and 2. Fire.

1. The rock ridze fronts on Biscayne Bay from the present site
of Miami south to the vicinity of Cutler. This is the most elevated colite
area, probably the oldest part of the rock ridge, and the area most accessible
to water-borne seeds. Much of it originally supported hamirock forest,
isolated patches of which remain. These coastel rock ridge hammocks because
of their location and because they are evidently older and less disturbed by
fire contain a number of woody plants not found elsevhere in the region.
Some of these species occur generally in hammocks near the coasts and thelr
presence merely indicates a coastal site. Examples of these are Sophora
tomentosa, Jamaica dogwood (Ichthyomethia), bay cedar (Suriana), Geiger tree
(Cordia), and seven year apple (Casasia}. Other restricted species are not
mecessarily limited to coasts, and Their presence in the coastal rock ridge
hammocks may be a floristic indication of the greater maturity of these
hammocks as compared to others on the rock ridge. Some of these species are
bitterbush (Picramnia), Misanteca triandra and red stopper (Fugenia confusa).

5. With the possible exception of the coastal hamrocks just men-
tioned all rock ridge hammocks show signs of fire damage. The effects now
visible vary greatly from stand to stand and it is likely that no two have
the same history of fire disturbance. Available fire history information
for any particular area is vague at best, and it 1is not now possible to form
a clear picture of fire effects on the composition of the rock ridge hammock
forests. Provisionally I attribute the great floristic variation often
seen in closely adjacent stands of hammock forest (especially in the Long
Pine Key area) to variations in the effects of fire.

Eighteen woody plants are 1imited to the hammocks of the rock ridge
of which ten (¥) represent widespread south temperate species here reaching
their southern range extremities. The species restricted to rock ridge
harmocks are: Salix amphibia, *Morus rubra, *Celtis mississippiensis,
*¥Magnolia virginiana, Tzurocerasus myrtifolia, Alvaradoa amorphoides, *Rhus
leucantha, Ilex Krugiana, ¥Ilex Cassine, *Ampelopsis arborea, Misanteca
triandra, Tetrazygla bicolor, Anamomis Simpsonii, *Diospyros Mosieri, Bumelia
reclinata, Forestiera pinetorum, *Callicarpe americana, and *Cephalanthus
occidentalis.

The rock ridge hammocks are more uwniform in aspect than in compo-
sition. In general they give the impression of moist forests with an abun-
dance of mosses and hepatics (including epiphyllous species) and often with
a dense growth of ferns on the forest floor. Wet sinks with the rock walls
covered with ferns and mosses are frequent. Epipaytic ferns, orchids and
bromeliads are abundant and lianas of several specieg are ccmmon. The
stratification of the woody vegetation is difficult to judge because many
stands are obviously disturbed and immature. If such a hammock as Paradise
Key represents near-mature structure, it appears that three fairly well
defined strate are present: A discontinuous upper layer of scattered large
trees; the closed forest canopy; and 2 shrub-small tree layer. Figs., 10 and
11 show views of two Long Pine Key hamrocks; an interior picture of Dark
Hanmock and a view of the edge of Sawmill Road Hammock from the adjacent
pineland.
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The Mahogany Hammocks lying southwest of the west end of Long Pine
Key near the inner mangrove edge do not properly belong to any of the four
main regions outlined. In structure, however, they resemble the rock ridge
hammocks more than they do those of the other regions. They are also moist
forests, with many lianas and epiphytes and several strata of woody vegeta-
tion. The ecologically interesting point about these hammocks is that they
apnear to occupy deep peat deposits built up over marl and not original rock
elevations. This suggests that they may represent a more mature stage in
the development of vegetation on sites once occupied by bayheads. No evidence
of fire was found in the mahogany hammocks investigated. They are certainly
burnable but the sites may lie beyond the usual limit of sawgrass fires burn-
ing down toward the mangrove edge, The southwestern most finger of the May
1950 Long 2ine Key fire reached to within a little over a mile northeast of
the northeasternmost mahogany hammock, TFire protection is provided by two
characteristics of the surrounding marl glades, 1, Glades in this area are
flooded for a longer period than most of the rest of the south glades. They
may be completely dry late in the dry season, however, and one can often
hike dry-shod to the ncarer mahogany hammocks (as was true on several trips
made in Anril 1952). 2. Sawgrass vegetation of glades surrounding these
hamrocks is very sparse and possibly would not carry fire readily.

List #11 (Table 13: epoendix) shows the woody plants of the most
accessible of the Mahogany Hammocks. The flora shows rslatious to that of
the necarby Long Pinc Koy hammocks in the proesence of such species as live
oak, bustic and Hippocrates. The point of greatest interest of course, is
the occurrcnce here of numerous large nahogany trocs some of which exceed
4! DBHE. Tig. 12 shows one of these., Only the two or three northeagbernmost
(and most accossible) hammocks have been cxplored botanically, and it is
quite possible that knowledge of the flora of the Mahogany Harmocks 1s in-
complete, There is, for that mattor, some reason to doubt that the extent
of the mahogany hemmock area is ontirely known.

Also locatsd at (or within) the inner mangrove edge arc trec
islands choracterized by the presence of the rarc palm, Paurotis Wrightii,
This-belt is crossed by the Ingresham Highway to Flaningo and the half dozen
or so stands nost casily rcached from the road havo been nuch vigited and
quite a few of the palns were renoved in pre-park days. The Paurotis belt
oxtonds for a considersble distance on both sides of the road. It is onc
of the least lmown areas of Everglades National Parl which prompts one %o
sveak cautiously in discussing it,

This vogetaticn type may be described as islands of hardwood forcst
located in a bush—savannah of red mangrove (ggizonhora). The ground cover
vegotation in openings between theo nangroves consists of scattored tufts of
small sawgrass or thinly distributed Zleocharis collulosa, The soil of sur-
rounding arcas is deep marl, The forsst sites thengelves are characterized
by doev peat deposits, and henee are similer %o the mahogeny hammock and
bayhead sitcs. Charactoristics of the surrounding glades prcvide firc-pro-
tcction in the manner just notod for the nahogany hanmocks. This vegetation
may be cellcd cither hammock or bayhead alnost oqunlly aptly. 3gler (1952,
op. 258-259) points out the gonoral gtructural sinilarity to bayhcads of the
nore landward gledes end gives o vlant list for the one stand studicd. To
his list of swecics the following nay be added: Troes - spicewood (Colyp-
tranthos nallens), Wariberry (Icncorsa paniculata), poisonwood (i etopiun
toxiforun) and gumbo-limbo (Zlaphrivm sinarube), Lianas-Hippocratza volubilis,
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nermnook anowberry (Chiococca alba), and poison ivy (Toxicodendron) The

few stands visited in the course of this study showed considerable variability
in the relative importance of bayhead and hammock species. The observed
floristic variadility, considering the very few stands investigated, sugzests
the wisdom of awaiting more data before making any more definite pronounce-
ment on the status of this vegetation, It is possible that the Paurotis

tree islands represent a number of stages in the replacement of bayhead
vegetation by tropical hammock forest. They certainly merit much more study.

SQUTH AWD SOUTHWEST COAST HAMMQCKS

Hemmocks here referred to occur on two substrate types: 1. Flevated
areas of marine merl near the coast; and, 2. Shell beach ridges fronting on
Florida Bay or the Gulf of Mexico., It is convenient to discuss these sep-
arately although there is evidence that mature hammock forests of the two
sites may not differ greatly.

The marl hammock areas are largely confined to a discontinuous
belt along the south coast extending from near Bear Lake cast as far as
Trout Cove. Other hammock stands such as those occurring along the north
gide of Cuthbert, Munroe and Seven Palm Lakes are perhaps also to be in-
cluded here., The hammock areas are shown on U. S. Coast and Geodetic Survey
Topo. Sheets T-5439, T-5440 and T-5441 prepared from the 1940 series of
alr photos. The total hammock area is quite extensive, and much of it has
suffered from fire and hurricanes, ifany large mahogany trees were reportedly
cut in the haamoclk strip between Snake Bight and Crocodile Point, and else~
where along the south coast, in the yecars wrior to the establishment of Zver—
glades Mational Park; but I was not able to locate much definitc information
on this uniqus chavter in the history of U.S. lumbering. Only small sections
of this harmock area have received careful botanical exploration., The present
account is based on the hammocks of the Bear Lake ~ Coot Bay ~ Snake Bight
section (see list #9, Table 1Z), the only ares in which this vegetation type
was studied,

Harmock forests of this area resemble those of the Florida Keys
more than they do rock ridge hammocks both in floristics and in aspect,
The floral rolation is shown positively by the prominence of such sveciscs
as Jamaica dogwood, slender thatch palm (Thrinax narv1flora), goapberry
(Sapindus), several gpecics of columnar cacti, mchobany, Buzenla buxifolia,
wild cinnamon (Canclla) and manchineel (Hiupomans). They seem to lack such
characteristic plants of the rock ridge hammocks as bustic (Dipholis), live
oak, paradise treec (Simaruba) and Lysiloma. As now known the woody flora
la much poorer in species than that of any of thc other regions, but further
exploration will doubtless add many soecics to the prescat list,

In. appearance the marl coastal hammocks are dry forests, Tpiphytes
are not common in the hammocizs, although adjacent buttonwood and mangrove
forests have many bromeliads and had at one time an abundance of large spray
orchids (Oncidium). Lianas are not well-developed, and ne ferns occur on
the forcst floor. Some of the trees are resularly dry-season deciduous,

No stands which eppcared mature were gseen but it seems likely that the nmature
forests of the region will be of simpleor structure and less statified than
the rock ridge hammocks.




The hammocks of shell beach ridges are found in this region and
on the Florida Keys and Florida Bay Keys wherever sufficiently elevated
veaches occur. The vegetation is quite similar at sites throughout this
area. Plant lists for several beach ridge hammocks are given in Table 13
and these sites are briefly discussed., Davis (1942) has discussed a
number of beach ridge hammocks in his study of the vegetation of the keys
west of Key West.

Early hammock growth on beach ridges is usually a low thicket
composed of a few pioneer species., Usuelly prominent at this stage are:
sea grape (Coccolobis uvifera), blolly (Torrubia), bay cedar (Suriana),
Pithetolobivm guadelupense, Sophora tomentosa, buttonwood (Comocarpus),

Spanish stopper (Eugenia buxirolia), Joewood (Jac uinia), sea lavender
(Mallotonia), seven year apple (Casesia), Erithalis and Borrichia arborescens.
From this community, which is quite distinct in composition, development
evidently proceeds toward a mixed forest dominated by gumbo-limbo, Jamaica
dogwood, mastic, strangler fig, poisonwood, pigeon plum (Coccolobis laurifolia,
and inkwood (Exothea). The mature forest on beach ridge sites (as repre-
sented by the Cape Sable hammocks) will evidently be similar in aspect and
composition to those developed on other substrates in the south coast

region and the Florida Keys.

An interesting feature of the beach ridge vegetation is the
frequent development of distinct vegetation belts, especially at places
where the foreshore slopes steeply. The exact arrangement of these varles
with the profile of the beach ridge. Commonly there is an outer hedge of
bay cedar developed. In some cases as near Middle Cape Sable, a double
hedge, (the outer a pure stand of bay cedar, the inner a pure stand of
Pithecolobium) occurs in front of the hammock proper.

The tropical hammock forests of the Florida Keys do not enter
Everglades National Park and remarks on them here will be accordingly brief.

UPPER FLORIDA KEYS HAMMOCKS

These hammocks occur on elevations of Key Largo coral Limestone
which forms the keys from Soldier Key to the West Summerland Keys. This
geological formation also forms the Hawk Channel front of some of the Lower
Florida Keys, including at least Big Pine Key and the Newfound Harbor Keys and
perhaps others southwest to Sugarloaf Key. On the main Key Largo Limestone
keys hammock forest originally occupied virtually the entire upland area
between mangrove belts on either shore. Much of the hammock area has been
obliterated by clearing and the remainder disturbed to some extent by fire
so that little original forest remains, except for that of such outlying
islands as Lignumvitae Key and Pumpkin Key. Abandoned cleared areas are
occupied by tangled thicket growth of such species as Lantana involucrata,
Solanum verbascifolium, Trema and hog plum (Ximenia). Hammock forest appears
to replace this thicket vegetation directly, if no further disturbance occurs.

The Upper Keys extend southwestward across a sizeable sector of
the east-west gradient of decreasing rainfall., This is evident in comparing
the aspect of the hammock forests of upper Key Largo and Lignumvitae Key.
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Lignumvitae Key hommock is similar to hemmocks of the south coast, exccpt
that it is apparently still dryer and lacks epiphytes almost completely,

The decrecesing rainfell may also affect the distribution of some specics

such as Lysiloma, which is not conspicuous in the hemmocks south of upmer
plantation Key, and thatch palms, which becomc increasingly prominent as

onc proceeds southwest along the keys.

The former more resemble those of the {iami Rock Ridge, while the

The flora of the Upper Keys hammocks lacks all of the south
temperate species which occur sparingly in the rock ridge hemmocks. Two
woody spocies nakedwood (Colubrina reclinata) and lignumvitac (Guaipcun)
are limited to Upper Keys hammocks. A number of species are sharcd betweon
Upper XKeys hammocks (cspecially north Key Largo) and the coastal rock ridge
hammocks, These include: bitterbush (Picramnia), red stopper (Zugenia
confugs) and Calyotranthes zuzygium,

LOWER FLORIDA KEYS HAMMOCKS

As indicated in the preceding section the geological Lower Xeys
are not orecisely equivelent to the geographical Lower Keys due to the
southwestern extension of the Key Largo limestone. These are keys formed
by Miami Colite which extend from Little Pine Key to the iiarquesas. Only a
few of them have extensive uplands and most of the upland area is occupied
by pine-opalm forest., The pinelands burn frequently and the hammock-pineland
relation eppears to be similar to that existing on the dMiami Rock Ridge.
The Lower Keys hammock forests are probably the most xeric hammock type in
South Florida.* These hammocks virtually lack epiphytes, lianas and forest
ferns, many of the trees are deciduous, and forest statification is not
highly developed.

The flora is interesting for several reasons. Six tropical species
of woody plants occur in Florida only in the Lower Keys. These are: FPisonia
rotundats, Caeselpinia peuciflora, Sevis bohamensis, Gvminda latifolia,
Cuvania ~labrs and Clusis rosea. Several species of the rock ridge hammocks,
sosent from the Upper Keys, respvear in the Lower Xeys. Thege include:

wax myrtle, Byrsonima cuneata, redbay, cocoplum, myrsine, and Guettords
scabra. Finally some expected species, such as mastic and mahogany, appear
to be absent.

*This exceots the hemmocks associated with tree cactl (Cephalocereus)
which are of limited extent in South Florida., Stands werc originally
present on Lower latecumbe Key, Key "West and Big Pine Xey (Southeast
Uammock). The first two of these have probably been dastroyed. Thesc

hammocks porhaps represent an approach to the "Thorn Woodland" or "Cactus
Serub! formotions of Beard (1944; 140).



TABLE 5. Distribution of woody plants of tropical hammock forests in the
four hammock regions of south Florida.

' Ridge Coasts Up. Keys Lower Keys
Total number of Species 110 71 ok oL

Species Limited to the Region 19 2 o 6

Number of Species in Common and (in parenthesis) No. of Sp. Limited <o
two regions.

Miami Rock Ridge 56(2) 76(8) 72(10)
South and Southwest Coasts 56(2) 65(1) 61(0)
Upper Florida Keys 76(8) 65(1) 74(3)
Lover Florida Keys 2(10)  61(0)  Th(3)

HOW MANY HAMMOCK "TYPES" IN SOUTH FLORIDA?

The foregoing section has shown that considerable veriation, toth
in composition and structure, occurs in the tropical hammock forests in their
south Florida range. The above question is thus obvious, but it is one that
cannot be finally answered from information now at hand. Provisionally, it
seems best to consider that there is a single tropical hammock forest type
in south Florida which varies, probably in response to many factors, of which
the principal ones appear to be increasing frequency of destructive frost
northward, decreasing rainfall westward, and location of the site in relation
to the coast, There has been considerable speculation attempting to explain
the total floristic similarities and differences between various south Floride
regions (see Simpson, 1920, Chapters I and VII) by juggling the sequence of
late Pleistocene geological events., It seems preferable in an ecological
consideration of this vegetation type to determine first just what the extent
of variation is in stands of comparable maturity in the various regions,

Several things suggest the desirability of this suggested hypothesis
as a working position that deserves careful testing in the field.

1. With few exceptions the species of large trees available in
the flora as possible dominants of a self-maintaining hardwood forest are
prominent throughout south Florida. This is true of poiscnwood, gumbo-limbo,
inkwood, strangler fig, shortleaf fig, pigeon plum, leadweccd, Jamaica dogwood
and satinleaf. The apparent exceptions such as the absence of live oak
except on the Miami Rock Ridge®, of bustic from much of the Upper Keys and the
south coast; of Lysiloma from the south coast and Lower Keys; of paradise
tree from the south coast; and of mastic and mshogany from the Lower Keys, may
have ecological rather than geological or phytogeographical explanations.
It seems, therefore, that an eventual hammock forest permitted to mature
should have much the same dominants throughout south Florida. Simpson (loc.
cit., Chaps. IX and X), for example, has described the elimination of live
by succession in

* Occurs very rarely in Key Largo (Alexander, 1953).
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TABLE 6. Svecies composition of the for?st canopy at four South Florida
tropical hammock forest sites.

Long Pine Key Lignum~

Paradise Long Pine Key . Saw:-Mikl - vitae
Species Key Dark Hammock Road Hammock  Xey
Quercus vi§giniana 45% 4% 199
(2ive oak
" Metopium toxiferum 115 6 114, 265
(poisonwood)
Elaphrium simaruba 9%, 9 9% 304
(gumbo-limbo)
Dipholis salicifolia 8% 17% 44,
~ (bustic)
Calyptranthes zuzygium 7%
(no common name)
Ficus aurea 5% 3% 3% &
(strangler fig)
Simaruba glauca *5% # 1%
(paradise tree)
Laurocerasus myrtifolia 44
~ (laurel cherry)
Exothea vaniculata 33 F # 3%
(inkwood)
Roystonea regia .14
(royal palm)
Ficus brevifolia 1% #
(shortleaf fig)
Sideroxylon foetidissimum 14 1% 3% 11%
(mastic)
Lysiloma bahamensis # 587 439,
(wild temarind) '
Coccolobis laurifolia # 2% % 124
(pigeon plum)
Ichthyomethia piscipula 8%
(Jamaica dogwood)

Krugiodendron ferreum 6%
(Leadwood) .
Torrubia longifolia 2%

(blolly)
Gymnanthes lucida 1%
~ (crabwood)
Sapota achras 14
(sapodilla)
Number of Svecies 12 8 9 10

1 Data from random counts of trees entering the forest canopy. Based on
counts of 200 # trees in the least disturbed parts of the four sites,

# Occurs in canopy stratum elsewhere in the hammock but not in area studied,
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mature rock ridge hammocks, an occurrence which (if general) eliminates the
-major difference in the hammock dominants of this region. The great difference
in the relative importance of the various canopy svecies from stand to stand
(see Table 6) are provisionally regerded as due (in part at least) to the
different stages of maturity and different disturbance hilstories of the stands
Btu.diedo

2. It seems probable that most of the floristic differences eventually
found between mature forest stands of the various tropical hammock regions will
involve sub-dominant woody species, ferns and epiphytes. These speciles are
more dependent on a narrow range of micro-climatic conditions than are the
dominant trees that form the hammock canopy. The differences in aspect and
structure of hammocks of the various reglons have been noted. Some of these
can certainly be translated into environmentel differences that affect the
gub~dominant plants and limit them to a particular segment of the climatic
range represented within the tropical hammock forest vegetation type.

It appears to me that species distributions should first be carefully
examined to see whether or not the various range limits can Dbe explained in
relation to present temperature and rainfall gradients in South Florida, or to
other ecological factors. Only in instances where the present variations of
environmental factors seem inadequate to explain the facts of distribution
does it apvear either wise or necessary to entertaln more remote speculations.

BAYHEADS -~ SUBSTRATE

This vegetation typc occupies deep deposits of organic soils, Bayhead
soils of South Florida are classified as "Gandy Peat" by Henderson (1939) who
also gives a description of the components and characteristics of the soil type.

BAYHEADS — VEGETATION

The principal study of South Florida bayheads is that of Egler

(1952¢ 241~-248), who discusses their floristic composition, structure, site
relations, origin, and successionsal trends and the factors affecting them.
His study was linited to the southeastern  area between the Miami Rock Ridge
and the coast, A briefer gencral account of the bayhead vegetation of the
"glough and tree islend area" of thc main Everglades drainsge is given by
Davis (1943: 265-268). In view of this recent work only a brief description
of this vegetation type will be given here,

The bayheads are hardwood forests composed of relatively few specics,
which occur as tree islands in the Fverglades prairies. As Egler's table
of freguency of occurrence of sneciss (op. cit.: 242) shows the most constant
of the woody vlants are redbay (Tamala Porbonia), wax myrtle (Cerothamnus
ceriferus), myrsine (Rapanea guaysnensis), cocoplum (Chrysobalanus icaco),
dshoon holly (Ilex Cassine), and sweet bay (Magnolia virginiana). These
species make up the major part of the bayhead vegetation throughout the rezion.
Locally, cypress (Tazodium) and pond apple (Annona) may oceur in bayheads,
and willow (Salix) ond buttonbush (Cenhalanthus) are frequently present,
especially in the main glades. Toward the southern part of the region various
tropical hardwoods and palms enter this vegetation type, but thése ars usually
present only as scattercd individuals, Many hammock tree swecics may be found,
but among the more frequent are marlberry (Icacorea), strangler fig (Ficus aurca
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poisonwood (lietopium), white stopper (Eugenis axillaris), cabbage palm (Sabal),
and Wright's palm (Paurotis).

In structure the bayheads are dense forests of low-growing trees.
Typically they have a tight hedge border of cocoplum with more open forest
inside. ©Ghade is dense and herbaceous plan’e are few, The forest floor may
lack vegetation, or suporrt an understory cif ferns, Blechnum serzulatum and
Dryopteris normalis being two species frequontly found, The foreect is char-
acteristically nuch overgrown by such lianas as Smilax laurifolia, Virginia
creeper (Parthenocissus), and muscadine (Muscadinia). Relatively few epiphytes
occur, tacse chiefly bromeliads. Fig, 13 shows the manner of occurrence of
the bayheads as islands in sawgrass marshes. TFig. 14 gives a closer view of
the edge of a bayhead showing the abrupt transition between forest and sawgrass,
and the outer cocoplum hedge,

BAYHEADS -+ ECOLOGICAL PROBLEMS

The bayhead vegetation ig relatively simple in floristics and
gtructure, Descriptively the vegetation type is well understood, yet it
prescents a trio of unsolved ecological prcblems, and a vexing question of
terminolozy, which have plazued every situdeant of South Florida vegetation,
These may be indicated as follows: 1., What is the relation of the bayhesd
vegetation type to other regional hardwood forests; 2, UWhat factors control
the location of bayheads; 3. What is the true nature of certain disputed
characteristics of bayhead sites; and, 4., VWhat is the proper tern to designate
this forest type? The nature of these problems will be briefly sketched here,
Their solution will demand nuch careful ficld study.

Relation of Sayheads to Other Hardwood Forcst Types.

The floristic picture of the bayhead vegetation is as follows:

In the South Florida arsca hundreds of separate stands of this forest tyne
occur as islands in the glades. In composition the forest is remerkably
uniforn throughout the region. Nearly all stands are composed alnost entirely
of the five or six species listed earlier, These spocles apvear to possess

in common the ability to tolorate wetter sitcs than nest of the hardwoods of
the region, As a group they also apncar to be intolecrant of competition on
hamnock forest sites, and are found only sw»aringly in the hammock forests,
Throughout the bayhead vegetation type occur scatterad individuals, frequently
seedlings, of hardwood species characteristic of hammock forests. These
seldon constitute more then a very small percentaze of the total vegetation

in any stend, but most bayheads, at least in the goutheran pert of the region,
contain a few specimens, Theo species of hammock hardwoods which occur more
frequently have becn mentioned. A complcets list of all soecies that have been
observed would include a large proportion of the woody plants of the hammock
foregt vegetation type.

From information such as the above the inference that hammock forests
will replace bayhead vegetation on undisturbed sites is easgily drawn. 3oth
Davis (op. cit.: 211-212) and Bgler (op. cit.: 247.-248) have reached this
conclusion, The bayhead vegetation is viewed as a pioneer forest community

on wet sites, which is replaced by a hammoclz forest of mixed hardwoods in the
course of succesgion. I agree with this concept of the relation of the two
hardwood vegetation tyves, dbut wish to point out that its present status is
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that of a reasonable working hypothesis, which awaits convincing demonstraotion,
Two chief difficulties exist:

1, Iatermediate stages showing bayhead svecies being
replaced by hammock hardwoods have rarely been observed.,

If succession occurs as outlined above one would expect

to find forests showing mized dominance, It is probable,

as Igler sugpests, that fire prevents this development on
most sites; that most bayheads burn out before the site cen
develop to the point where it is suitable for hammock forest
gpeciles.

2, The exact nature of the changes in the characteristics
of the site which permit replacement of bayhead vegetation
Dy hammock forest are obscure,

The liahogany Hammocks and Paurotis Hemmocks of the extreme southern
zverglades occupy sites which are similar to bayhead sites. These hammock
forests, near the inner mangrove edge, are well-protected from fire by the
nature of the surrounding glades. They are possibly hammock forests develoned
from bayheads during e long fire-free interval. Careful study of these sites,
and comparison with bayhead sites is indicated as a likely starting point in
investigation of the successional relations of the bayheads, Also further
botanical eiploration of the bayheads should reveal at least a few clear cases
of succession of hammock forest species on bayhead sites, if this phenomenon
really occurs.

Factors Determining Bavhead Location.

The ecologist in South Florida is soon faced with the problem of
explaining why bayheads are located at the particular sites they now occupy.
Two views are possible: 1 - that present bayhead locations represcnt survival
sites of islands of a former continuous forest; or, 2 - that occurrence of
bayheads is limited by special topographic characteristics of the sites they
occupy.

: The extreme interpretation of the first view would hold that bayheads
are actual fragments of a former forecst whose present locations are entirely
the result of chance survival, A modified interpretation is that the bayhead
tree islands are segments of former foregt that have survived only at sites
where special tonographic charecteristics provide fire protection. The evident
floristic immaturity of the present bayhead vegetation secems to be strons
evidence against the idea that thoy are in any manncr sctusl fragments of an
old forest, and no author has maintained this view. ZEgler (op. cit.: 234)
has prescented the hypothesis that a continuous swamp forest clothed the entire
glades in preaboriginal time, and that firec acted to restrict the romnants
(bayheads) to their present sites, He believes, however, that present bayheads
have also been reduced by fire, probably many times, and that they have been
able to become re—established only at sites which enjoy soecial fire pro-
tection,

The second possible interpretation is that only certain sites in the
glades are suitable for invasion by bayhead vegetation. This contrasts with
Tgler's (ibid.) view that any glades site is open to invasion by bayhead
species, but that fire prevents establishment of bayheads except at certain si i«
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Just what the special cheracteristics of bayhead sites are remains
obscure. In some areas bayheads are oriented with the direction of
flow (or former flow) of Everglades surface waters, and many of
then exhibit a teardrop shape with rounded upstrean "head," and
, teporing dovnstrean "tail," These characteristics have been inter-
preobed as indicating a relation between drainage channels  and tho
location of bayheads, but the nature of the relation is not clear,
Davis (0p. cit,: 258) discussing the "slough and troe island srcal
of the main Everglades drainage, states that bayhcads develop on
"ridgos" betwcen tho slough runs, Egler (op. cit.:246) discussing
tho arca scutheast of Long Pine Xey, believes that the initial
bayhead cstablishment is in a drainagec channel where the wetter
sitc »rovides additional fire nrotection., In addition therc arc
sizoable arcas where bayheads show no regular orientation in relation
to drainage pattern,
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Th
of bayheads is still entirely undecided, O0Ff the suggested factors
I Dbelicve that clevation is the rost likely control, and suggest the
hypothesis that duration and cxtent of antual flooding dotornines )
whetheor or not bayhcad specics can invade.a gledes site. The requi-
site elevation for the occurrence of bayhead species could occur
either in the original topogranhy or by buildup of peat depcsits,
Under the above hypothesis a lowering of glades water levels should
result in an cxpansion of bayhecads, I believe that this is now oc-
curring throughout the lower zlodos,

s question of the factors which dotermine the occurrence

Disnuted Characteristics of Bevhead Sites.

The uncerteinty about the factors controlling location of
bayheads stems from the oxistonce of secningly contrndictory in-
formation concerning their site choracteristics. o agreement
cxists as to whether or not bayhcad sites arc niorc elevated than
the adjocent glades, A wealth of randon observational cvidence sug-
gests that thoy arc considerably nore ecleovated. However, Hgler (gg,
cit,:244) found that the surfacc of the peat nass in two bayhends '
he studicd was at tho sane leval as the marl surface of the surround-—
inz glodes. Carcful study of a series of levels along a transcct
fron glades through tho conters of bayheads, at a time when both
glades ond bayhoad soils are dry, suggests itsclf as o neans of an-
proach to this puzzling predlen, There is so nuch casual evidonce
that clevation does affcet the occurrence of bayhoad species that
desnitec Egler's findings, further investigation sccns required.

Fig. 14o shows how bayhead species occuny rolatively slight olevaé
tions in the sawgrass narsh, The picturc, ~ view of the old Jennings
Plontation, shows plents of redbey, sweetbay, nyrsine, wes nyrtle,
and dehoon holly that have invaded olevatcd sitcs on rows in the

onctime citrus grove., The soil is thin norl over colite throughout.
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There is alsc quostion as to whether the pd of the soil
solution in tho beyhcads is acild or alkaline, Davis (1943:115) writos:




"The bay-head trecs, Rersea, Myrica, and Mogiolia,
and ferns, Osrunda and Blechnum, occur on very acid to
circun-neutral soils ... It ronges from pE 3.55 to pH
6.80 for the surface soils, The bay forests grow on a
great variety of soils but in general the hurmus and peat
layers they forn arc strongly aC1ﬂ &

Ledin (1951:63) refers to "bay tree harmiocks in the Everglacdes on
very acid peat," However, Egler (1952:244-5) writcs:

Mir, Gollatin revorts that of several hundred soil
tests ho hos nade on hannock peat, the pH ranges from 7.5
to 8,5, with an oxtreme of 7.0, Fron thesc data, it nust
Yo assumed that the soil solution is nornally besic.!

Egler (ibid.) howeover, continues:

"Without in ony way refuting these data, 1t nust be
sald that there are certein botanical conditions (in—
cluding not oaly the kinds of plants present, but the
size aﬂd shape of the peat lens below the harnock) that
lead one to infer that the soil solution con under cer—
toin abnornal and tenporary circunstences, become suf-
ficiently acil to alter radically the characteristics of
the hornock in woys thet porsist throush succeeding
allzoline timecs,®

This hypothesizod occasional acidity is the importent clement in
Tglor's cxplonation of the fletncss of the boyheads, he writes (om.
cit.:246-7):

"The hymothesis is presented thot poat-deposition
and nerl-dissolution werk simultonecus 1y. “*tkvuLh tosts
carlier reforred to indicate that the scil solution of
the neot is nornally slkaline, it was then sungested that
this solution could He acid at isclated tires under un-
usual circunstaonces, On such rare occasions, the basic
narl could bo dissolved... that sonme sort of balance cxists
between the twe nrocessces is indicatod by the flatnoss of
the hermocks, i.6., poat does not build up faster thon the
rnarl disscolves below,™
ILittle nore can be said of this problem cxcopt t0 note
thot tho roported »n¥E range, 3.55 to 8.5, is exceptional, if not un-
precciented, for a oresurmed sinzle scil type. The need for carcful
re-investigntion is cbvious,

O M

BAYHRADS - TERMINOLOGY

I hove hore roforrod to the trec island herdwood forests
dominated by Tanala, Maanolla. Jeorothonnus, Ilcx CSassine, and
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Chrysobalanus as bayheads. Davis (194Z) uses this tern and also
refers to "Bay Tree Forests" =nd "Bay Tree Islands."™ Other authors
(Ezler, 1952: Ledin, 1951: et g;,) have referred to this vegetation
type as 'harmecks.® Objections to this usage were given earlier. —
This vegetation type differs from the harmock forests only in its
floristics, Since harmock forests will (quite possibly) invade and
cventually replace bayhead vegetation, these floristic differences
ney be expected to disappcar in the course of succession, The need
fer two terms may thus be easily questioned on logical grounds. I
believe, however, that the usefulncss of the two terms is apparent
in the field. The reason for this is that, duc perhaps to fire,

extrencly few forests representing intormediate successional stages
exigt. The ferns "beyhcad! an? "harmock!" are thus almost mutually
cxclusive under rresent conditions, and the practical va alue of dis—
tinguishing the two floristically differcnt forest types by cormon
nares is apparent,

I an not prepered to go tc bat very vigorously for the tern’
Tpoyhead® It onjors lecal usage, and I have fcllvf . this, However,

as noted for the torm "harmock," it is voriously usecd elsecwhere in
Floride and the southeastorn stotes, In other arcas tnc torn is
comnenly spplied to forests occurring in flatwoods ponés and to sonme
riparion swonyn forests. Laescle (1942, ». 41) teorns boyhoads the
WGowdcaia - Trnala nubescens — Macnolis virminicno Association® and
status, "the tern bayhead! designotes an association doninated by
broadlesved oversrcon trees that grow in very acil, saturated soils
which are subject to periodic ¢100u110¢! Although I am not fanilier
with the Worth Florisa "Bayhesds," it anpears from pudblished descrip—
tions that thesc "bayhecall sites may difrfer consilorably fron those
of South Florida though sone of the some trec speciecs ore prominent
in both, Oonfusion is thus wmessible (nerhems, ¢1z01v) but I have no
altcornative term to sugest.

SAWGRASS GLADES -» L STPATE

The sawzrnss arcas of Iverglades National Park occur on
low-lying scasonally flocded Ir h]“b°r ~arl and meat scils which
forn o blanket of varying thickness over the Miami Colite. At the
presont tine nost of the deep sawsrass peat areas in the park are
found in the Shark River "Va~'o" " which forns the nain southwestern
draineze of the EZverglades, Ilscwheore nar proaoninates with only
scattorcd arvons of ncat. Davis (1946, Figure 13, . 122) has dis-
cussol and mamped the neat arcas of the southorn Zverglades. His
nop shows little decy jpeat present in the Ivergledes Notlonal Park
aretes

O

At neny places perticulerly near the codges of the glades
and around Long 51n° Key therc are cxtbensive rlwées rocklond areas.
Here much-eroded linestenc "~1h“uclc rock" is exposed ond the marl

soil 1s limited %o solution jpocikets he oolitc,

-
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SAWGRASS GLADES -~ VEGATATION

The sawgrass glades vegctation occuples a larger area
than all other vegetation types of Everglades Wational Park combined,
but nerhaps less, definite information is available concerning it
then for any other vegetation type., The vegetation can be described
in gencral torms as a winter dry narsh dominated Dy various grasscs
and scdges of which sawgrass (Meriscus jonaicensis) is the nost
proninent species. Several local variations in the vegctation nay
be distinguished such as the areas mocdified by farming operations,
the "aquatic pockets" and gater holes, the savanna areas of red
nangrove or cypress, and areas doninated by grasses and sedges other
than sawgrass; but we cannot say with nuch assurance just what cone-
trols the occurrence of neny of these variations, Data are not at
hond to pernit discussion of the distritution of glades plant species
in rolation to soil type, to the longth of the period of annual flood-
ing or to salinity, all of which are factors of nossible importance.
This ecological blindspct is nost unfortunatc beceausc the sawgrass
slades is undoubtelly the vegetation type most likely to undergo
widesyread changes under the inmpact of drainage and. fire, Sonec of
these chonges thoat invelve extoensions of shrub vegetation into the
narsh are already noticcable as nentioned in the previous section.
It is wossible thab important and widespread chenges in the doninance
relatisns of the varlous herbaccous s-ecles of the Everglades fornes
tion aoy also be taking place., The inportance of o progran of carec-
ful ecological study of the Everglades nmorshes secns clear,

Tho following scetion will bricfly describe some of the
e

najor veriations that occur in the flades vegebation of the Fverglades
National Parx Area,
Arcicultural Accas — Egler (1952, po. 249~251) has described
the nodificasions »f vemesaticn in the cultivated narl gladcs east of
) s o

the pack, A sinilar oieturc is epparent in the farn arca south of
1

Zonz Pine Koy,

ceeds from weedl ficlds of rasweed (imbrosie claiior), scsbonia
(Scsban 1A ~anic-arass (2onicun pexioun), to o low
thicket y dominated by ~rinrosc willow (Jassloca seabra),
to wooly goowsh of willow on? 3accheris (3. kelirmd ., and 3,
~loncriiificea). At —~resent the clicst abandoned farn londs in the
inmedinteo —arlz arca arc occuriod by this willow-Bacchoris growth,

g i
of beyheoad wlants are to be found shrovshout, which
sugnosts that, miven time, a venectation typeo sinilar tc Dayhead
occury what were open Ilotcs beofore cultivation,
e surrmer ~rowth of ragweel on marl aglales after

Q

veonsetotion will oc
Mo, 15 shows dens

<1

wintor farniaga.
A ~umber of —lonts have bhecome cstablishod around the

ow Long Pinc Zoy, many of thom widespreed

-car wheon the lend

isonces. A list

t
cultivated glades arseas bol i
weed soeocics., iost of these will srehably disa

is finolly obondoned,bu
of sone of the suecics cbscrved is

51

S ST



Arzenene nexicans, (prickly peppy)
Cheirinia cheiranthoides (wormseced rastard)
Verbena bonariensis (vervain)

Vigns repens (a vining logune)

Medicagzo lupulina (black nedic)

Spilanthes ropens (a vining conposite)
Solanun nigrun (comnon nightshade)
Melilotus alba (white sweet clover)
Sonchus asper (sow thistle)

Lactuce. intybacea (wild lettuce)

Snerrolenis divaricata (in carrob family)
Verbena scabra(vervein)

BAquatic Pockets" and Gator Foles ~ Throughout the glades
are found scattered depressions of various sizes wetter than tho
surrounting narsh plains and choracterized by different vegetation,
Feler (ibid., pe 249) has tormed these taquatic nockets." They are
also cormonly called "'zator holes" fron their rescmblance to the
ponds often nointained by large alligetors. These nonds have
»robably originated in several ways. Some are actually 'sator holes
thoush their distridbution is nuch nore general over the glades than
that of the alligator at present. Others nay represent spots wiiere
deep peat accurlotions have warned out, Whatever their origzin the
Accper ones are extremely important in the ecology of the aninal .
1ife of the glades in dry years. 2lent species of such areas include:
cottails (Typho), cane (Fhramites), glodes 1ily (Crinun snmericonun),
nickerel weed (2onteda ria), fire flag (Thalin) ond arrowleaf (Sesittaria)

Serub Cyvress Arce ~ Soutlwest of Taradisc Xey 1s an area
of considerable cxtent, crossel Dy the Insranen Highwey, in which
snall pond cyoress (Taxodiun nscendeong) ~ceur scattered through the
glades. A siniler separate area lies along the north side of the
west end of Long Pine Koy, This weird vegetation first came to at-
tention when the construction of the Ingrahen Fighway reached the
lower cypress orea, Since that tine nmany authcrs have glven brief
doscriptions (Snall 1920, 193la, 1933; Earrer, 1927; Ozler, 1952,
gg_g;.), but no adequete oxplanation of the vogotation typne has been
~ivencel. Tho general assumption has been that the cypress herc occur
at an unfavorable sitc and are dwerfed in consequencc. Cortainly the
asnect of the arca nasn't choanged noticeably since Srallls first
pictures and descriptions, ond srowth of the cypress here is evifently
vory slow, At sone vlaces slong its boricrs this cysress savonna
vegetation has an abrunt junction with the gurrounding open gladcs,
which roiscs questions as to what the controlling site factors noy bee

Tollowing is o doscripticon of the arca fron field notes.—
The substrate is thin marl over oolite with scattcred areas of
exposed roclkz. The ground surfacc is covered by the alpal nat that
occurs throushout the gleics. The overstory is scrubby gnarled pond
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cypress nearly all under 20' in height with nany trees showing
severe fire damage. The grass~sedge-herbd layor under cypress is
identical with that of the surrounding glades with black rush
(Schoenus nigricans) dominant on higher sites, and sawgress (Moriscus)
on wetter sites, Irregularly throughout the scrub cypress area are
clunps and strands of taller cypress in denser aggrogations, These
stonds secn to occupy places lying below the level of the gencral
arca, Also throughout the area are bayheads usually with fairly
lerge cypress around the edges, and the usual nixture of broadleaved
tree species in tho interior, =- This is yct another vegetation
type of Everglades Wational Park deserving close ecological study.
Fig, 16 shows the aspect of the scrub cypress area with a bayhead
and open glades without cyoress in the background.

Bed Mensrove Bush Savanna — Wherc the sawsrass glades
neet the coastal mangrove forests a belt up to several niles in
width occurs, in which red mangrove (Rhizophora) bushes are scattercd
over the glades, There is considerable evidence that this mangrove
vegetation is extending inlend, and widely scattored plants are to
be foupd well in advance of the nain belt throughout the glades south
of Long Pine Key. Secveral suthors have studied this vemetation
(Davis, 1940; Zgler, 1952) but the ecologzical controls over relations

between the two vegetation tynes cannot be regarded as well-understood.

Factors invelved are certainly comslex and possidbly include fire,

storn offccts in dispersing Bhizonhora scedlings, and rising sea level

and. surface water salinities, The prosent survey did not involve
this vegetation and it can only be indicated herc.

Geoneral Glades Vezctation — Herbs —— Over the glades areas
of Everglades latiocnal Park nany herbaceous snecies occur along with
the dominant sedszes and arasses, These are seldon inmportant in
total nunberg over any cxtended areca, tut they characterize the
glades vegetation, In general thesec speocies annecar to be more cormon
in thin narl and rocky areas, and more comnon in areas recently
burned than in those that have gone a nunber of ycars without fire,
The following lists some characteristic specios:

Caloncaon barbatus
Alctris bracteata

Acnida cuswidata
Tubiflora ancustifolia
Oxvolis filiformis
Prosercinaca palustris
Sabatio Flliottii
Kosteletzkya virginica
Hrirocotyle verticillata

Phyla nodiflora
Sanolus floribundus
Sanodca ebracteata
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Apalinis Harperi

Inonoea sagittata
Hypericun malioides
Heliotropiunm Leavenworthiil
Ascleplas lanccecolata
Polyzonun sp.

Tupatoriun capnillifoliun
Supateriun nikaniocides
Ccnocliniun coelestinun
Mikania batatifolia

Heleniun vernale
Plucheca foetida
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Teueriun Nashii

Lobelia glandulosa
Solidago netiolata

in the course of this survey.
Grasscs

Andropogon glomeratus
(broon grass)

Setaria geniculata
(foxtail) . -

Zchinochloa Crus—galli
(barnyard grass)

Chloris glauca
(branching foxtail)

Rushes

Juncus scirncides

vater nanosaient ncasurcs.

Justicia lanceolata

Pluchea mpurnurascens
Cirsiun vittatun
Correopsis Leavenworthii

General Glades Vegctation — Scdzes and Grasses — The
list below gives the species of glades sedges and grasses detected
It is certainly incomplete.

Sedzes

Gynerus surinanensis )

Cyperus_polystachyos ) sweet
Cyperus_limularis ) rushes
Cynerus odoratus

Mariscus jenaicensis (sawgross)
Schoenus nisricans (black rush)
Elcocheris collulosa (spike rush)
Bynchogpora globularis
Bynchospora Tracyl ) beak

Bynochosnora corniculata ) rushes
Dichronena colorata
(wvhite top)

, Scwgrass is certainly doninant over a nuch larger area
thon any of the associated spccics, but the glzadcs vegetation 1s
not o vegetationally featureless sawgrass plain throughout, Over
soric arcas of the park it is nore a mosaic of purc stonds of several
different speciocs ovidently associated with snmall differences in
clovation., It is irmortant that tho ccolegical relations of these
specics to wetter or dryer sites be cerefully worked out, because
they noy offer a ready index to the Airection of developnment of the
slades vegetation, and a ncons of estimating the effects of future
We can casily notc the invasion of
sawrross arcas by shrubs or palnetto and associate this with the
drying of the ;jlades, but we cannct at present say whether changes
in the creas occunicd by various scdses and grosscs of the glacdes
rneen anything or not. Yot, trends in drying of the habitat as it
affects vesetation nust be esparent first as changes in the doninecnce
rolations of specics within the marsh vegetation,

The following notes somc of the najor variations scen,
1, Around Iong Pinc Xoy the black rush (Schoenus) occupies large
arcas to the exclusion of sawgrass.
with slichtly dryer sites as it sometimes occurs as a narrow bolt
around boyhcads, or on obviously clevated srots. In some glades
locations immediotely edjoining rockland arcas the vegetation is
a nizbturc of black rush and various ;grosses, 4Also in such arcas
the advonco of saw walmetto into the glades is often anparent,

This s-ecles may Yo associabed




BAYHEAD VEGEGATION OF
REDBAY, DAHOON HCLLY,
BAYBERRY, AUD SWEET BAY
WITH AN UNDERGROWTH OF FERNS
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HGE OF WILLOW, COCOPLUM, BUTTONBUSH, AND BAYEERRY
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SAYCRASS
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"NEEDLE GRASS" SLOUCH RUN
VEGETADION OF BEAXK RUSHES
(RHYNCHCSPORA TRACYT)

\ . SOUTHWEST

'*GATOR HOLES" WITH ARROWLEAF, GLADES LILY ( CRII\IUIn), PICKEREL WEED, CATTAIL,
ETC: AND OCCASIONAL WILLOW nJ.\TD POND APPLE TIREES. '

Diagrammatic cross section of an LEverglades slough run -- T. 57 8., R.
Dade County, Florida. .
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This zoned configuration is quite apparcnt in aerial photographs of
this section. iiuch variation from the above may be found. For
example the "ridges" between slough runs are sometimes occupied by
sawgrass strands without woody vegetation or by dense willow thickets.
Trom brief study the major ecological control determining this ar-
rangement of vegetation appears %o be length of the period of annual
flooding as governed by relative elevations,




TFFE0TS OF FIRE OF SOUTH FLORIDA VEGETATION TY2ES

"1t ig my contention that the herbaccous Zverglades
and the surrouniing p1n0¢ﬁn8~ wore born in fires; that
thoy can survive only with fircs; that they are dying

today becouse of fires.“

(Zgler, 1952, p. 227)

PINE FORSST ARFAS — SUBSTRATE, SOIL, AD GROUND LITTER

Direct effects of pineland fires upen the erosion of the
limestone substrate of the pincwoods are apparcntly very minor,
This is Ciscussed in the attached statoment by Singburg (Appondix).

[

~

h Small (1930) and has been pervctuated by later smbhors. (Garrcn:

wit
943),
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As preoviously mentioned, -little soil cxists in Sou
orcst orcas. The eoffects, if any, of fires upcn the patcnes
lands clay soils which occur in »inclands have not beon reported
g0 far os I could discover. The chief ohscrved cifoct of pinc-
1 .
=

o g
Hy He

=
D by

LCCL

B oo

5
O
-

reos upon the subsirate is %o destroy most of the organic
al accunulated since the last firc; the ground cover mat of
raw, dricd grasses, and leaves; virtuelly all snall ground
and many down logs and stumps.
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PINZ FCRZST ARTAS — PINE OVIRSTORY

Smoll (1911:151) states "The pitch of the Caridbbean pine’
doecs not flow rendily, conscquo ntly thesc trees arc rot, as a rulc,
ﬂuch damoged by forcst firocs.' Various studics of fire cffects on

2%

lash (or Carlbbc.h) ninc erﬂsts within the Southecastern Longlecaf
Solt are sumnarized by Gerron (1943: 631-633). In general, findings
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of this work indicate that Caribbean pine is less firc folerant

than longleaf pine, and that it usually occupics sites having a
lower fire — frequency wheore the two species cccur in the sene
rogion. Gernmination and seedling survival of Caribbean pine was
little stimulated by fire in narked contrast to longleaf pine, and
survivel of light burning by seedlings was only 10% that of longleef,
After possing the seedling stage, however, Ceribbean pine was found
to be virtually as fire tolerant as longleaf, ’

The pinelend fircs of South Florida arc alnost entirely
ground fires, Snmall crown fires occasionally occur in areas wherc
pine reproducticn is very dense, but they arc too infrequent %0 be
of nuch consequence, Danage to trocs beyond the scedling stage is
1inited to fire-scarring of trunks, which may kill the troecs. ZFig.
18 shows a part of the burned arca of fire 123-6 (March 1951) wherc
neny overstory pines in an even-aged (approxinatcly 20-year 0ld),
second growth stond were killed by trunk—-charring, Older trecs nay
accurmulote severe basal fire scars as a result of repeatod fires.
Tig. 19 shows a pine 15 inches in diemocter broat high fire-narked to
o height of over six feet.

Counts rmade on neow burns in South Florida show that about
50% of nine sccdlings under threc foct in hoight and a fow of the
largor secdlings are lkilled by the usual ground fire,

PINT FOREST A3ZFAS — SERUB UIDSRSTORY

>ine Koy pincland site hes o diverse shrub
understory of hardwoods many of which are the sone speeies which occur
as troes in the hermock forests, Pineland fires usuelly kill the
above ground parts of these shrubs. BRocts of the plents, often
deeply lodged in the linestone, usuelly survive Fires, and the plant
soon sonds up a number of root-sprouts, Fisg. 20 shows a sizcable trece
of wild temering (Ivsildme behemensis) killed by fire (123-25: Dce,
1951) with the growth of root-sprouts evidentd four nonths later,




These pineland hardwoods commonly have a fire-pruncd growth form with
several stems rising from the surface of the limestone. Fig. 21
shows o typically firc-pruncd specimen of poisonwood (Metopiun
toxiferun) shortly after it had suffered still another sctback by
fire. JFrom the size of the gnarled bases of some of these shrubs it
seens clear that they may survive nany pineland fires and reach con-
siderable agc. Most of the fire-dwarfed pinelond hardwocds flower
ond fruit regularly. Widely scattered individual hardwoods escape
firc—pruning, and survive to achieve tree size in pineclands, usually
as nuch stunted and severely fire-scarred specinens, Hardwood smocies
nost frequently scen as sizeable isolated trces in pineland are:

1ive osk, poisonwood, pigeon plum (Coccolobis lewrifplia), wild
tanarind, gunbo-iimbo (Elaphriun simaruba), and mastic (Sideroxylon
foeotidissimun). TFig. 22 shows the fire-scarred base cf an isolated
6" DBE nastic in pincland, Fig. 23 shows two such isolated hardwoods.
The trec at the left is white iromwood (Hywelate trifoliata), a
tropical species first located in Iverglades Yational Park in the

Fig., Ho, 22

coursc of ficld work for this rcport., Trce on the right is a wild
tamariad, Such trees arc oftcn rooted in spots which onjoy sone

59




fire protection, notably at the edges or on the walls of decp
solution holes in the limestone substrate. It appears evident

that neny of the pineland fghrubs! are harmock trees dwarfed by
rocurring firc-nruning.

Most of the smaller seedlings of the understory hardwoods
aro killed by fire, and a fow shrubs over two fect in height arc
elso killed, The following table shows the effects of a single
pinewoods Tire (123-2E: Dec. 1951) on scveral shrub specles. Por-
centages arc bascd on a randon count of 200 or nore individual
plents over two feot in height for cach specics nade four months
afsor the fire, It is believed thot ncarly all of the survivors
would show cvidence of resprouting by this tine. A high percentege
of resprouting after cormplete fire-pruning was also recorded on this

Fire Zffcct
Tire-pruncd Partially Unin-

Snecics 7illed Resprouting Fre-pruned jured
Torrubio loangifolis (blolly) 9% 3%
Byrsonina cuncata {locust berry) 1% 91% 7% 1%
Metopiun toxiferun (Poisonwood) 3% 81% 15% 2%
Dodoneca joaicensis (vornish leaf) 2% 95¢% 2% 15
Rapence. fuoyonensis (nyrsine) 100%

Teacorcn paniculata (nerlberry) 5% 91% 2% 1%
Dipholis salicifolia (bustic) 1% 94% z;. 2%
Gucttorda cllintica (velvet good) 97% 2% 1%
Guotborda scobra (rough velved 10% 8e< 2%

secd)

Table 7, TFirc Iffocts on Shrub Understory Spocios in Pinclend
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burn For such less common shrub understory species as bay berry
(Cerothamnus ceriferus), Oroton linearis, sumac (Bhus leucantha),
red bay (TZamala borbonia), Tetrazygia bicolor, white stopper
(Buzenia axilleris), and Mosiera longipes. Palm species occurring
in pinewoods are seldom killed by fires except in unusual circun—
stances, as where the stem lles alongéide a down log that burns
completely. Recovery of palm species, csvecially saw palmetto, is
usually morc repid then resprouting of the hardwoods.

PINE FOREST ARTAS - GRASS-HERB TLAVER

Pincland fires kill annual herbs and grasscs, and firo—
prune porennial snecics in much the seme menncr as they affect the
shrub herdwoods. lany of the perennlals have large root nasses
deoply driven into fissurcs and solution mockets in the linmestonc.
Notable in this rospect are such specics as bracken (Pteris caudata),
partridge pea (Chermaccrista Docringisna), and rabtit bells(Crotaleria
nunila). The usual ground fire in pine woods conpletely removes the
ground covering fern~grass-herd flora loaving bare linsstone, These
fires, however, seldom cover the entire surface over any cxtonded
arca but leave unburncd islets, where vegetation haon't been touched,
Thesc protoctcd spots result Irom the interylay of durning cozdi~
tions, especially wind volocity =nd diroction, ond the lecal micro-
topogrephic characteristics of the forest floor; s~nd it secms unlikely
that the sone arcas would go unburned in any WO fircs,

]
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RECOVIRE ATTHER FIT

.

The following account prescnts a vrief viecw of the stages
ine weods sites after

in the recovcry of ths vegetation on upland tine
the usuel grouvnd fire. As for zll vogekation types this is a
cormosite picturc put tezether fron qualitative exemination of
several burns of differeat kmown ages, and honce is opon to nuch

' ~nd risinteroretution., Data on post-Tfire re-

fh

possibility cf orror on
COVOry, &8 ' ccgsion, is nmost convincing vheon acquired
fron guontitative study of single arcas over a spon of tine,

ithin a month aftor nincland fires, sprouts of firc-pruned
herdwood skhrubs ond herbaceous perennials, and sccdlings of herbaccous
snnuals and 3Toss gin to make a show of gromon the frosi
fhe fiscst notable ovent in the pest-fire recovery of pincland vegetation
is She outburst of bloon of herbacccus plaats. This phenoncnon is
frilior te all who have donc botanicel collceting in South Floride,
and T ncbed it on rocent "pineysrd® turns in the 3ohonas in
Wcw turns scvoral nenths after firc are ~uch better collecting

collecsing lecalitios for the herbaccous elcnonts of the pincland

flora, thon are pinc areas wiich heve gone soveral yeers without fire,

This guick display of flowering is not limitcd to now burns, but nay
o scen on sny recernbly disturbed site in pinc woods, as, for cxanple,
along ncwly dbulldczed tralls. lost of the specics included in the



list of pineland herbaceous plants (see appendix) are seen at Dbest il
advantage at this time., Also prominent ore such low-growing wooly v
‘plants as gopher apple Geobalanus oblongifolius, Rhacoma ilicifolia,
Ehobdadenia corallicola, Echites Echites, Lantana depressa, and
Chiococca pinetorum, Fig. 2 shows Geobalamus in flower four months
oftor fire 123-25 (Dec. 1951). It appears that in the absence of
fire, the accumulating mat of pine needles, dead grasses, and leaves, i
plus the shade exerted by understory hardwoods act quickly %o de~ i
crcasc, and eventually to ecliminato much of the dneland herbaccous

flora. I intorpret the quick showing after firc as duc to removal

of theso inhibiting effccts cxerted by the more dominant clements of

the vegetation, and the favoring cffect of frequent roins after the :
close of the firc scascn. i

Tigs., 25 and 26 show vicws of the ncxt najor stage noted
in the rocovery of pincland vogetation aftor firc. This stage is



characterized by a tall growth of broom grass (Andropogon gloncratus)
which narks the pineland burn approzimately one year after fire.

This grass typically occurs in fairly dense stands rcaching four or
five feet in height, which give the area the appearance of pine
forost growing in tall grass prairie. The quick growth of thc grass
nay be due to mincral supplics which become innediately available

in ash left by the fire, The stege is cpheneral, typically lasting
only onc yoar. Two years after firc Andropogon is representod by
only scattercd plants, and developing sprouts of fire~pruncd hardwood
shrubs oncc nore dominate the aspect of the pinc forest understory.

Figs., 25 and 26, illustrating sites with naxinum devolopJ
nent of the broon grass stage, werc photographed about eleven nonths
after fire 123-12 (Junc 1951). The old logging trail in the pictures
was used as a firebresk on this fire, Fig, 25 also shows a contrasting
two=yeor old burn (fire 123-12, April 1950) to the left side of the
trail,

On some lowpineland sites adjoining sawgrass gladcs, fire
is followed by an exceptionally dense and vigorous growth of saw
oalnetto, Fig. 27, a picture taken two years affer fire 12%=14 (May
1950), shows such a site. Tops of firo-killed hardwoods (mostly
bayberry) orc visidle in the background. The roason for this opparcnt
fire-induced vigor in saw palnetto is obscure at present. 1t nay e

duc to nutricnts nadc available in ash, and/or to decrcascd conpetition
brought about by the nore scvere setbhack recoived by the other low
vegetation, I have net observed the phenoncnon exeept in pinclond ad-
joining gladcs; sites at which saw nolmetto appcars to be the nost
succcssful specics of the pincland flore (as discusscd page 23)

and picturcd Figs 8 & 15).

I wish to again omphasize that the foregeing is a synthetic
oand generalized presentation, doaling largely with the rocovery of
vegotation of "typical® uplend pinc sitecs of Long Pinc Key after
"$ypical"’ late dry scason ground fircs., Variations desending upon
firec froquency, scason of burning, and site differences are to be
expected.
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PINE FOREST AREAS - SUMMARY

As shown, fire effects in pineland are largely exerted
upon the understory shrub and herb layers. These elements of the
pineland flora seem to have become well-adapted in growth habit
to withstand successfully the recurring ground fires. Few individuals,
except annual plants, are killed; and I cennot demonstrate from
present data that fire has any important effect either upon the total
density or specific composition of the pineland understory except ap-
parently to induce the short-lived broom grass stage. Obviously any
fire-intolerant species must long ago have been eliminated.

The sbove is all that can be said now about fire effects
in the Long Pine Key pineland, but I believe that there are indications
that it is far from the complete story. Discussion of this is deferred
to the next section.

TROPICAL HAMMOCK FORESTS - SUBSTRATE

A1l of the phases of this forest type are associated with
deposits of organic soils resulting from the influence of the vege-
tation upon the site it occupies. It is the vegetation types situ-
ated upon combustible soils that have been most severely affected by
fire in south Florida; the hardwood hammocks, the bayheads, and the
sawgrass mucklands., Fire moves slowly through these organic soil
deposits, sometimes travelling only a few feet in any one burning
period, but it may destroy the soil completely, burning down to the
underlying marl or limestone, This fact is all too evident in many
places (see Fig. 41), Once well ignited, fires of this sort are
virtually impossible to extinguish, except on a very small scale.
They continue their horizontal progress till stopped by rain or ex-
haustion of the fuel supply; and the vertical progress until reaching
a non-organic substrate, or soil so wet that the smouldering mass cannot
dry out fuel ahead of it.

TROPICAL HAMMOCK FORESTS ~ VEGETATION

The effects of soil destruction, as described above, on
the forest vegetation of the site are seen most clearly in the case
of bayheads and will be detailed in the discussion of fire effects
on that vegetation type. Similar results (jumbled piles of windthrown
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tinber, ete.) could be expected in harmocks of the Paurstis, and Mehogany
Hermock types, which also occupy deep deposits of organic soils. (As
nontioned sreviously, I belicve thetb these hemnock types nay represcnt
later successional stages on bayhead sitcs in the southernmost Ever-
glaces,) TFortunately, the present Pourotis ond Mahogeny Hanmocks occupy
virtually fircproof locations necar the inner nangrove edge; or, porhaops
norc corrcctly stated, they now survive only at such sites.

Discussion of fire effccts in hammock forests will be limited
to the uplend hammocks of the Long Plne Koy orca, I have not seen
Pourotis or Mahogany Hommocks that had been reached by fire., ZPresent
sites of these harmnck tyses are relatively inaccesible te firc due 50
the long pericd of onnual flooding, and sparse vegetation of the sur-
rounding glades. It scems probable, however, that the isclated Paurotis
clunps found in the glades (seo frontissicee) up to ten niles north of
the present mein hammocl area at the nengrove edge are relics of former
Daurotis hommocks that have beon obliterated by fire, Peorsistonce of
the palns is expleinable by the croater ability of these nonocots to
withstond Fire denage to their stems. The coastal harmock types on
morl (dediera Bay Harmock, etc.), and on sholl beach ridges (Cape Sable
Hormock, ctc.) have burned in the sast. Thore have becn no recent
fires (at least since 1945), end I have speat 00 1ittle fiecld tine
investigeting these areas to feel sceure in wronouncing on fire effccts.
These south coast hannncks arc burnable, howover, and should be so con-—
sidered in fire control plenning, althouzh swach of the arca is so in—
accossible that fire suporessicn would Dbe difficult,

[

In the Long Pine KXoy area nsny ~incland ground fires do not

penctrate o the ~cclr arons in theoir paths. The henmocks
divide the fire, and only the norighery 5f the hardwooc fercst vege-

§

-
totion is affccted. Such cdie lamage of verying scverity can bc scen

o)
. 28 ghrws a viow of scverc odg

on oll Iong Pine Xeoy harmocks. ZFig
danage o en uplend hamnock (Zittle Royal FPaln Zemrock, two years after

Do

firo 123-14; Moy 195C)., Hote the stending acad Lysilona trces and the
ranic growth of fircwced shrubs (nostly Treona floridona) coning up undcr—
noath, The success of any harmock arca in turning fire deponds entirel;
on the buraning conditions at the tine the fire rcaches the narriock ed3Ce
Princinal geverning factors arc fucl supoly (L.0. length of time sinco

) . ] . b . a1 . s .2
the last firc in the adjacent pinelonds), winc Jirection and volocivy,

ond. bine of day. A zinclond fire in heavy fucl, running with a brisk
wind, during the niddle of the doy will destroy o severely danagc any
hwarnock arce in its —oth., Quitc snall hamroclks, however, nay turi

1 %5

sineclond fires wion conditions
»

shows o hormock arca ton yards

: or burning arc less favorable. Fizg. 29
n

¢
uii
in greatest diamector arouvnd. a snall
pi

solubtion hole, which turnct a 1 nelond fire (123-25: Doc. 1951) escoping
with ninor odse demage. The hamnmock is commoscd of live cal, soisonwocd,

gambo~lirbe, and bayberry. Zolatively corly in its dcvelornent, therc—

fore, thc hemmock's nodifying influcnces on the sitc it occupies appear

to Hrovide it with sono rrotection fron the usual pinelond ground fircs.

It forms a tisht litsle nescyhytic 1slond in the more cxtrome ciimate

of the —inclands; nainteining a shaded ond wind—rotccted arca of higher
s} al

hunidity enc smaller temporature rangc, ant -rescnting o front of poorer
o wineland fires.
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Any fire which burns around a harmmock acts to cut back
hommock edges by fire-pruning cuter seedlings which have invaded
pinelend in the period between fires. Phillips (1940, p. 169)
nentions the tengled shrubby edges of rock ridge hammocks, and
nonies sone of shrub species commonly found., These dense shrubby
hernock borders are at least partially attributable to the effects
of ropecated fires, To this cdging effect of fire I also attribute
the cliff-likc hammock fronts with abrupt fransition from pinecland
to harmock vhich are commonly secn. Fig., 30 illustrates this,

Fig. Yo, 30

This -oint is of some importence to the understanding of successioacl
rclations betweon pincland and hemmock forest which will be discusscd
at the ond of this scction. iz, 31 shews the contreasting smppearance

of the harmock—rincland cdse at a site free of firc for scven yeaors.

The nost scrious cffccts on hammocks result from fires
thot durn ianside the hamneck in the hunus le-osits, Any fire of this
sort deoes long-losting damage and the most scvere of them nay completely
oblitecrate the hamnock. Fig. 32 shows the astcct of the burn-out
inside Paradise ley, secven yenrs after the 1945 fire., Scattercd
canony trces noy survive thesc firecs, but most of the trecs arc usuclly

s L1

clther llced ty fire or so woskened from destruction of soil around



Ffig. No. 31

Fig. Yo, 32

their roots that they arc socn windthrown. As shown, steniing deed
trees, norticulerly live oaks, nay remain for sone time. The absence
of stonding dead Live oalrs In the north end of Paralisc Koy, which
burnecd in 1929, has causcd. some nuzzlement., However, pictures of the
north cnd token very shortly after the fire (Small 1929: Plates 2 and
12) show nany dcad coks., Thesc snags were cut lown by CCC workers
based at Royal Palnm State Park in 1933 or 1934 (Winte, pers. corri, ).
Cormonly o narrow zone of 1iving trecs marking the former hammock
perimetor is left when heonmocks burn out. Survival of these outer
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trees nay be due to the fact that they occur at the elges of the
harmock hurms deposit and have a snaller denth of burnable soil
around their roots, This same fire effect occurs strikingly in

the cynress and beyheads of the Everglades (sec Fig, 43), I have
seon o fow instances where fires have evidently burned inside
harmmocks without killing the hemmock trees, Many of the present
canopy trecs in Dark Hemmock, for exarple, are firc marked at the
baso, Mg. 33 shows firo scar of a 23" DBE mastic (sideroxylon)
insice Dark Hermock, This sort of fire cffcct may result when fires
ocecur at a2 time when nuch of the hurmue is too wet to burn, and hence
-ags through relatively rapidly, burning only litter on the forest
floor,

The occurrcnce of some species of the honnock forest flora
appears to be devendent on the cnviroment created by the hanmock.
These include nany woody nlants such as lancewood (NWectandra), laurel
chorry (Lauroccrasus) eond paradise tree (Sinaruba); and the entire
hornock herbaccous flora, both epiphytes and hunus plants, These
specles with smaller ranges of tolerence of verying environnental
factors arc the specios most likely to be clininated by fire and the
oncs vhose reestablishnent in the recovering harmock is likely to be
longest delayed. The erratic occurrence of some of the presuncd in-
tolerant tree snecies in the Long Pine Key harmocks has been nentioned.
:fuch nore information on successicnal changes in the specific corosi=
tion of harmock forests must precede any nore definite pronouncenent
on the offects of fire upon the site %o sitc distribution of the
various wooly smecies. Fire offects wpon distribution of the harnock
ferns, Broneliaceae, Orchidacecac, ¢ d Pineraceac are nore evident,
Many Long Pinc Key harmocks which aponear at first glance to be in
good shape with fairly lerge trces, an unbroken forest cenopy, and
decp hurmus ere found largely to lack thesec mlants., More detailed
survey of scveral such sites revealed evidence of old severe burn-outs
in the form of much charred fallen lozs, eta: I have not attenpted
to estimatc thc ages of these burns, Zron the size of present canopy
troes sorc of therm, as in Palna Vista 42 Harmock, ovidently occurred
long ogo. Indications are that reinvasion of burned-out hammocks
by the characteristic hamnock snecies of ferns, orchids, broneliads,
and neperenias st be very slow. Some snocies such as the tropical
naidenhair fern (Adientun nelanoleucunn) ond Brassia caudata, an
cpiphytic orchid, appear %o have been virtually oxterminated in Long
Pine Koy harmocks, —erhaps as & rosult of fire, Other epi-hytic specics
arc opparently morc tolerant of harmock disturbance. These include
strop forns (Garryyloneurun), resurrection fern (polypodiun), and the
common spray orchid (Zncyclia ta sense). DPlants of this group,
especially the epiphytic forns, command a “cpular intercst out of
proportion to their relatively minor ccological influcnce in the com=
munity. Their longtine loss in Surned hemmocks is, therefore, an
inportent fire offcect.




TROPICAL HAMOCK FORZSTS - RECOVERY AFTER FIRT

_ Hermock forests of nized tronical hardwoods are the
apporent clinmax vegetation tyne in South Florida, As indicated
earlicr, successional changes anong hardwood species cvidently
occur for some time after the original establishneat of hammock
at any site; and the specific conposition of the eventual sclf-
nointeining clinex forest is more or less conjectural, This
uncerteinty conplicates discussion of hapnock recovery after fire,
since conplete reestablishnent of mature harnock may involve ruch
more than rceturn of a continuous hardwood forest at the site. .
For the purposes of the prosent report this presents little problen,
hut in a nore rofined treatnent 1t would have to be closely con=
sicercd,

The age range of hamnock burns of known age which are
aveilable for study is inalequate to enable one to construct a
synthetic picture of the course of harmock recovery. The oldest
Burns in the Bverglades Tational Dork area which cen be reliably
datcd are the Ostoon Hemmock and Peradise Koy burns of 1948, As
Fige %2 shows, scven years recovery at Peradise Key has produccd
a dense shrub-snall tree tangle on the burned orea, Fron this, a
ucss of about 25 yeers required to cstablish a voung hardwool
forcst with ¢ continuous canory nay De hazarded., The time lapse
fron +the first conbinuous forest cover o a corrletely recovercd
nature hormock woull certeinly be ruch longer.

Cbriously rocovcery patterns will vary a #Areat deal according

to the scverity of the burn~cut., Lozical cxnlanation of the co-

stonce of hemmock forest and rincland on tosogrophically ginilar
os scens %o require that there hove been recurring fires, (or other
turbence) —erhaps at very long intorvals, which destroyed hormocks
comrletely; end required succession througn a pine forest stege in
hermock recovery. I have scen a fow secdline nines inside recently
Turncd hormocks, but no extensive stonds thot would indicate tie
wotential establishnent of -inc forest. This hypothetical casc wou el
apncar to require comylete removal of horrock hunus , suea o8 night
o cruscd ty scveral closcly successive fires, =vcn after severe
nermock burns, enough humus remains 0 suprort o quick growth of firc—
weed sneciecs, which soon £311s the harmock intcrior with a dcnsc shrub
songlo, leaving nc barc areas aveileblio tc invasion by nine, Through—
out the Long Pine Xoy area sizeable pines encloscd by harmock fores®
nay be found., Heny of these orc evidently trees overtaken Dy outwazrd
encrooachnent of hammock edges, Put some nay be relics from a pine stasc
which followed hamncock Durn—outs.

o
3
Ce

—_
548

The shiabby tengles which fill the interiors of hamnocks

after firc arc composed of threoe floral olemcnts., L. Hommock ferest
survivors, ond scecdlings ond sprouts of hermock spocics, 2, Shade
intoleront shecics characteristic of thc wincland flora which invade
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the area opened by fire. 3. Opportunist fireweed species which
make a quick growth on any disturbed area. Some species of the
1atter category also occur frequently in pineland, but those listed
as fireweeds attain notable luxuriance on new hammock burns.

1. This category may contain any of the species
which occurred in the hammock before fire, but the more
tolerant species such as live oak, bustic (Dipholis), wild
tamarind, vpoisonwood, gumbo-limbo, myrsine (Rapanea), and
merlberry (Icacorea) are usually most frequent, In addi-
tion, species of vines such as poisén ivy, Virginia creeper,
muscadine, pepper vine (Ampelopsis), Hippocratea and Pigonia
bind the shrub tangle making it virtually impenetrable. A1l
of these vines occur in hammock forests; but some species,
particularly the first four listed, make especially rank
growth on new hammock burns and could perhaps be considered
as fireweeds.

2. ?2inelend spccies

Anemia adiontifolia (e fora)
Pteoris coudata (brackon)

Svenidoria bahcmensis (a fern)

Sercnoa repcns (saw palmetto )
0allicarue smericena (beauty b orry)
Fupatorium viliosum

-

3, TFircwecd spccles

Pteris caudatba

Trema floridana

Thus lcocentha (See Fig. 34 showing dcase growth of sunac on
hermock burn at Parvodise Zey.)

Carice Zopaye (papeys)

em——C \

Peidiun_zuajava (gaava.)

Golonyetion gu. (moon flower)
Solomum Torbogscifoliun (potabo tree)

Lontans involucrato
nde, R0iog

The firewceds devclop very rapidly on hemnock irns. Witkin
g0 years afier fire they have commonly clogged the hamnock interior
th an inposing bicnass of now growth, ALl of the Tirecwecd spccles
¢ wook—stermed and shade-intelerant, and erec cventually eliminated
vor the flcra of the recovering hamock. . »

3y
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TROPICAL FAUMOCK FORESTS — FIRE FEFRCT ON SUCCESSIONAL RELATION
T0_PINELANDS

In the account of the fire history of the region presented
earlier in the report, it has been inéicated that pine forest in
South Florida is evidently a fire-maintained sub-climex vegetatlon
tyoce. If this view is correct, harmock forest would be expected to
invade pineland sites in the sbsence of fire, This section advances
evidence intended to show that such invasion does occur,

Most suthors who have considered the hammock—pineland
relation have reached conclusions sinilar to the above (Bessey, 1911:
Harner, 1911 et al.). Harshberger (1912: 104--106) has raiscd a dis- i
senting voice, stating thet basic differences eoxist botween pinecland
sitos and harmock sites, This opinlon 1g also held Dby some local
naturalists with wide field acqueintance with the arca, The abrupt
transition botween the two vegebation types secn at nrny places (Scc
Fig. 30) hes somctines been cited as ovidence in gupport of the
hypothesis that sntrinsic differcnces exist between hamnock sites
and wnincland sites. I cannot agzrcc with this contention, rcgarding
thesc sharp vegetational poundarics as duc o the. nction of firc in
pruning peripheral hamnock plants. Closc study of nony sites whero
such abrupt transitions occur has foiled to disclose eny basic
cdephic or tonographic Géiffercnccs. Ixisting diffcrences scen o be
the nodifying influonce exocrbod by

entircly those which rosull fron th
of its chancc cstebiishnont and

the harmoeck vegetaticn UL
chence survival in pincland,
Earshberger lies in the

ty of any successional

st vogetation, The follow-—

Tho chicf deofect in thic Vicw O

fact that it eppoers to dony the pessibl
rolation between pincland and harnock 0 v
inz lines of evidence secn 10 provide cenvineing sroof that this

wccession docs occur.
1. In the absence of fire, harmock cdges appoear to advance
¢ ndjncent pinclend rather rapidly. i 235 shows a dense
£he

into th Lo
anderstory of young live ook thnt has cncroached outwerd fron i

kol
N
By

ig., ¥c., 35

71



cdge of Dark Eanmock (visible in background) during a scven year
fire-free period, Figs, 36 and &7 provide additional vicws of
harmock edges that have enclosed a nunber of pines.

2. Any site in pinelands at which frequency and/or ine
tensity of fire is reduced tends to be occupied by incipient
hernock growth, Large solution holes often provide cnough fire-
protected niches %o naintain a hardwood hannock mucleus fron which
herdwoods nay cncroach into pineland during the intervals betwoon
fires, This is cspecially true of the large holes, to fifty feelb
or nore in disneter, which are formed by the collapse of the ceilings
of solution caverns, One of these is shovn in Fig., 38. The fore—
ground has been cleared to show the edige of the hole., Tong Pinc Xey
is penctrated by a mmber of fingers of sawgrass gladclands which
oxtend into the nincland in a south %o north direction roughly
perpendicular to the axis of tho pine—forested rock ridge. At
present water levels, these glades arcas are dry season burnable in
nost years, but they do offer sone protection as fire breaks during
a part of the year. It is notable that nmany of the present hannock
“orost sites of Long Pine Key are lecated with a glede arca to wind-
word. Fig. 39 shows onc of thesc.




Tig. No. 39

3, Groups of hardwoods which apvear to represent incipient
hamocks may occasionally be found in pinelend at sites which are not
at 2ll protected from fire. Fig., 40 illustrates this. The site
shown is far romoved from any present hammock, and shows no sign of



having been previously occupied by hammock forest. It seems to
represent an early stage in the establishment of a new hammock
under pines. No readily apparent cite fec-ors favor invasion of
hammock species at this particular spot {2.g. no noticeable
variation in topography or substrate from surrouanding pins forest,
no large hammock trees to provide a nearby scurce of seed). The
location seems due to chance establishment of seedlings at the
gite, and a sufficient time lapse without Fire (or interval of
fire survival) for some of the plants to mature, followed by
peripheral expansion from the hammock nucleus. The principal tree
species is Lysiloma. bahamensis with the larger specimens centrally
located. Some of the tTrees are several-stemmed from the ground
indicating that they have survived fire-pruning.

4. As presented in the account of fire effects in pine-
land, much of the shrub layer of the pine woods is composed of
fire-dwarfed individuals of species which are trees in the hanmmock
forests. This fact was recognized and discussed by Small (1930,
pp. 46-47). It seems abundantly clear tha't with the elimination
of fire these hardwoods would provide a seed source speeding the
establishment of hammock forest at the site.

Considering the above, I believe that a period of 15 to
25 years freedom from fire is ample to permit the conversion of
any upland site on Long Pine Key from open pine forest with an
understory of palmetto and fire-dwarfed hardwoods to dense young
hamrock forest with relic pines, and no reproduction of pine.

I wish to restrict the above statement to the Long Pine
Key pinelands, since several unique features of this area urge -
caution in attributing of similar hammock--pineland relations to
other south Florida rockland areas. Indications are that the
Long Pine Key area may have been less frequently burned than the
pine forests from south of Florida City to Miami, (the Biscayme
pineland of Zr211l) for the following reasons:



1. Long Pine Key has the protection of a deep Everglades
slough (Taylor River) to windward. Fires have crossed the
slough in years of exceptional drouth, as in 1945, but in most
years it provides an effective fire break to the east of Long
Pine Key. A clear example of this may be found in the narrative
account of fire 123-6, April 1952, This fire reached Taylor
Slough and went out although burning conditions (wind, time of

day) were much in its favor.

2. Some fire protection is provided by the t{ransverse
glades of Long Fine Key, as previously mentioned.

this area are man—caused,

last part of the Miami Rock
cate (considering the Taylor
%) a significantly lower

3. Since a great many fires in
the fact that Long Pine Key was the
Ridge to beccome accessible may indi
River barrier against fire from the cas
froquency of man-cansed fires.

The following differences in vegetation notable in the Biscayne
pincland are peraeps the result of a greater fire frequency.

1. The ares of established nemmock forest is very much
smaller in vclation to the arca of vincland than is true of

Long Zin:s Xoy.

5. The shrub understory in the Biscayne pinelend contains
strikingly fower individual hardwoods, and a mach poorcr Tepro-
sentation of species, Over large arcas in the Redlands district
the forest understory is composed almost entircly of low palms
(saw palmotto, cebbage palm, and silver palm), I interpret this
o8 a fire—impovorished understory, nd believe that frequent ,
turning may oventually oliminate hardwoods from the shrub undor=
story cven though a single fire kills only 2 snall percentage of

thoe

It sccms likely, thereforc, that in much of the Biscayne
pineland succession of hammock forest on pincland sites nmay be
long~dclayed, orinarily duc to the remotencss of many areas fron
sources of sccds, A pinelend tract in the Rodlands unburncd for 25
years shows bub 1ittle ovidencc of hardwood invasion (scc description

page 110,

¥oTE: I have spent relatively little field time in the pine arcas
outside Evcrglades National Park, ond camnot, at present, ecxcludo
ay be site diffcrences sufficient to

tho possibility that thore n
partially account for observed differcnces in the vegetationd



